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PREFACE

The ERIC Clearinghouse for Science, Mathematics and Environmental
Education has cooperated with the National Association for
Research in Science Teaching to provide abstracts of most of the
papers presented at the 58th annual conference in French Lick
Springs, Indiana, April 15-18, 1985.

All persons who had papers or symposia accepted were invited to
submit abstracts for inclusion in this publication. Some editing
was done by the ERIC staff to provide a general format for the
abstracts. Special recognition should be given to Dr. David P.
Butts; Dr. Rodney L. Doran, Research Coordinator: and the NARST
Program Committee who obtained the abstracts and organized the
program.

Many of .the papers will be published in journals or made
available through the ERIC system. These will be announced
through Resources in Education, Current Index to Journals in
Education, and other publications of the ERIC system.

Patricia E. Blosser,
Stanley L. Helgeson,
Editors

Thin publication was prepared with funding from the National

1111111111111111

Inititute of Education, U.S. Department of Education under
contract no. 400-78 -0004. The opinions expressed in this
report do not necessarily reflect the positional or policies of
HIE or U.S. Department of Education.

December 31, 1984
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Session A-1

I. COMPARISON OF STUDENT ACHIEVEMENT AMONG THREE METHODS
OF PRESENTATION OF A COMPUTER BASED SCIENCE

SIMULATION

Robert D. Sherwood
Peabody College of Vanderbilt University

Box 45, Peabody
Nashville, TN 37203

ABSTRACT

f.

The research to be reported was undertaken to investigate
various methods of presentation of a computer based science
simulations as they relate to student content knowledge of,the
simulation concepts. Three treatment groups were used in the
study; (1) two students per computer interacting with the
simulation., (2) a total class presentation of the computer
simulation, (3) a non-computer game type,presentation of the
simulation concepts. Students content knowledge was measured by,a
paper and pencil test o' fourteen items immediately after the
presentation and six. weeks later.

No statistically significant differences were found between
the treatment groups, although there was a trend for higher scores
for the total class presentation group on the immediate posttest
multiple choice content items. However, females didless well
than males on the multiple choice content items of the test. A
sex by treatment group interaction was significnat for the delayed
posttest with females performing better than males in the total
class presentation method but less well in the paired student
method.

1



Session A-1

THE EFFECTIVENESS OF USING A MICROCOMPUTER SIMULATION ON
JUNIOR HIGH SCHOOL STUDENTS' UNDERSTANDING OF THE

VOLUME DISPLAOTMENT'CONCEPT

Byung-soon Choi
University of Minnesota

370 Peik Hall
Minneapolis, MN 55455

Eugene Gennaro
University of Minnesota

370 Peik Hall
Minneapolis, MN 55455

ABSTRACT

4.

The purpose of this study was to compare the eff1_,^t,veness
of microcomputer simulated experiences with that of parallel
instruction involving hands-on laboratory experiences for teaching
the concept of volume displacement to junior high.school students.
This study also assessed the differential effect on students'
understanding of the volume displacement concept using sex of the
students AS another independent variable. This study in addition,
compared the degree of retention, after 45 days, of both treatment
groups.

Girls and boys were randomly assigned to experimental and
control groups during each of five periods of the day. Posttests
and retention tests were given to both groups, and the data were
analyzed using a 3-way analysis of variance. It was found that
computer simulated experiences were as effective as hands-on
laboratory experiences, and that males, having had hands-on
laboratory experiences, performed better on the posttest than
females having had the hands-on laboratory experiences. There
were no significant differences in performance when comparing
males with females using the computer simulation in the learning
of the displacement concept. This study also showed that there
were no significant differences in the retention levels when the
retention scores of the computer simulation groups were compared
to those that had the hands-on laboratory experiences; however, an
ANOVA of the retention test scores revealed that males in both
treatment conditions retained knowledge of volume displacement
better than did females.

This study suggests that computer simulated experiences on
some topics of science could be used in place of hands-on
laboratory experiences with an expectation of equal performance
levels by students. It also suggests that learning of certain
topics in science can be learned in a shorter period of time than
is required for hands-on laboratory experiences related to these

2
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topics. Another implication of this study is that a computer
program might be used in place of more expensive materials in some
laboratory experiments. Therefore, computer simulations in
science eduC'ation could be efficient and cost-effective as well.

3
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Session

COMPUTER SIMULATIONS AND THE TRANSITION FROM CONCRETE
ttANIPULATION OF OBJECTS TU ABSTRACT THINKING

Donna F. Berlin
The Ohio State University at Newark

University Drive
Newark, OH 43055

Arthur L. White
The Ohio State University

252 Arps
1945 North High Street
Columbus, OH 43210

ABSTRACT

This study explores the learning model which suggests that
a concept is aceired first through manipulation of concrete
objects' follow6id by transformation of the concrete objects into
semi-concrete representations, followed by internalization of the
concept through abstract representations.

Microcomputer simulations of manipulative activitiei, were
used to determine how children differ in their use of
science-process skills and concepts when using the simulations
compared to using the concrete materials, or a combination of
simulations and concrete materials.

The sample for the study included a total of 113 children
distributed according to male and female, 2nd and 4th grade level,
and socio-cultural site. The treatment condition consisted of
three levels based upon the proportion of activities using
concrete objects to those using computer simulations (concrete
only, concrete and computer, computer only).

The criterion measures assessed the children's to:.
recognize and duplicate a design, recognize and extend a pattern,
and locate objects in space.

A multivariate analysis of variance was used to determine
the influence of the computer simulations on concept development
as compared to the use of concrete materials. Differential
effects were tested in terms of socio-cultural background, gender,
and grade level. The results indicated that:

1. Fourth graders performed better than seconi graders.

2. Rural, white children performed better than suburban,
black children with activities involving the computer.

4
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3, Rural, white girls performed better than suburban,
black girls using concrete-only activities.

4. Rural, white boys using activities involving the
computer performedPbetter than suburban, black girls
using concrete-only activities.

5
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Session A-2

SCIENCE EDUCATION: DEFINITIONS AND IMPLICATIONS
FOR RESEARCH

Ron Good
Florida State University

-414 EDO'
Tallahassee, FL 32306

Robert Nrcmlyout A

Department of Physics
Florida State University
Tallahassee, FL 32306

Tony Lawson
Department of Zoology

Arizona State University
Tempe, AZ 85287

John Renner
College, of Education

University of Oklahoma
Norman,. 015 73019

Robert Yager
Science Education Center

University of Iowa
Iowa City, IA 52242

ABSTRACT

The purpose of this symposium is to explore the
implications of the follow:ing definitions for science teaching and
related research.

Definition 1

Sciehce education is the discipline concerned with the
study pf the impact of science upon society as well as the impact
of society upon science.

Definition 2

Science education is the discipline concerned with
discovering, devolop_ng, and evaluating improved methods and
materials to teach science--i.e., the quest for knowled;2 as well
as the knowledge generated by that guest.

6

26



0

Session A-3

AN EXAMINATION OF SCIENCE FAIR JUDGING RLSULTS

Theodore Kellogg
University of Rhode Island
Department of Education

Kingston, RI onel

ABSTRACT

Recently, science teirs, which had been reduced in size or
eliminated by many schools, have shown renewed (rigor. This paper%
revisits an old issue, the fairness of the judging system, through
a post hoc analysis of the judging results cf four science fairs.
The nearly 1200 projects involved 3000 project scoringi by judges.
The judges' scorings were submitted to analyses which included the

.._exarainat_lon_at_sear_e__ekrara.
uncorrected by the fair staff, descriptive Statistics for each
data set, correlatic. of total score to total scorc. for each
project; examination of judge to judg, difference:: in scoring, and
exploration of alternative techniques -f combining scoes.

A scoring error rate of 3-5% was found. This error rate
existed even through each fair had double checked the judges'
scoring. Coruation of scores for the same projects ranged from
;21 to .55. Aigner correlations occurred in fairs having more
detailed instructiois to judges. All'of the correlations were
significant well beycind the .01 level. However, these
correlations can be viewer' as the reliability for the scorifirg of a
project. At these magnituies they illustrate the unreliabillity of
the judging process. Examples, of the judge to judge differences
in sc..ring rare given.

An alternative system for combining judges' scores by using
standard scores derived from each judge's set of scores was
explored. This system produced a different ranking of projects
than the ranking of raw scores.

Judging systems which simply add raw scores of different
judges suSt be suspect. Alternative schemes, such as the standard
score method used herein, will give different results from the
simple addition of scores, yet are based on assumptions (all c

judges will be evaluating an "average," set of projects) which are
unlikely to be true. Other schemes, such as asking judges to
score by points and to acknowledge a general level of award (top
li%; top 25%, etc.) gre likely to provide yet different results.

Science fair judging committees need to be aware of the
shortcomings of whatever data manipulation and analysis techniques
they use and be willing to make accommodation as necessary. It in

7



possible that modern statistical techniques wild help reduce the
ambiguity and unfairness of existing systiims.
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Session A-1.3

CHARACTERISTICS AND NEEDS ASSESSMENTS OF SCIENCE
TEACHERS IN MASSACHUSETTS

Gerald Abegg
Boston University

'Science Education Program
605 Commonwealth Ave.
Boston, MA 02215

3

Warren Tomkiewicz
Science Education Program

Boston University
605 Commonwealth Ave.
Boston, MA 02215

ABSTRACT

The purpose of this research study was: (1) to provide a
description and evaluation of the'Doston University Science
Fellows Program for outstanding high school science teachers, (2)
to provide a profile of the science teachers of Massachusetts for
evaluation of staffing needs, and (3) to compare the science
teacher characteristics of the Boston Univer^45/ Science Fellows
with science teachers of assaLnusetts and o..ner states.'

Preliminary analysis of incomplete data indicate that
science teachers are teaching outside their .principal field of
preparation, there is a'shortage of certified physics teachers, a
lack of upda.inq of existing science teachers, and an increase in
the number of science teachers who are expected: to reach
retirement age within the next several years.

The conclusions should allow (1) an evaluation of the
characteristics and staff development needs of existing science
teachers, (2) an evaluation of certification standards and teacher
evaluation practices, and (3) a model to recognize successful
science teachers.
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Session A-3

SCHOOL VARI4SLES AND ACHIEVEMENT IN SCIENCE IN THE
ELEMENTARY SCHOOL IN ISRAEL

Ruth Zuzovsky
Tel Aviv Uhiversity

Faculty of HumanIties
School of Education

Ramat-Aviv 69978, ISRAEL

ABSTRACT

The purpose of the study was to: (a) examine the state of
elementary science education in Israel and the achievement of
students at the end of elementary school, (b) clarify and measur&
the effect of school variables on achievement in science.

The present study relates to previous studies on
achievement at the elementary school in Israel.' From a, broader
perspective it can also be considered as a contribution' to the
'vast body of research on school effectiveness, and as'suCh, -it is
part of the lEA study on science teaching conducted last year in
26 countries.

A stratified sample of 96 schools, countrywide, was
selected. Six different questionnaires 44 three tests were
administered to studenti, teachers and prinnipals. The
information gathered revealed a situation of quite a satisfactory.

Istate of science teaching conditions in Israel. However, the
achievement of one-third of the population was found to be rather
low. In an attempt to determine the impact of different school
variables on the variance of science achievement, the contribution
of many school factors (both physical in2uts as well as
sociopsychological and process variables) was analyzed. The level
of exposure to the formal curriculum in school was found to be one
of the most influential of these factors.
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10



Session A-4

THE ROLE or COGNITIVE FACTORS IN CHEMISTRY ACHIEVEMENT'

Sarath Chadrin
Science and Mathematics Education Center

Western Australian Institute of Technology
Bentley, Western Australia 61021,

AUSTRALIA

David F. Treaqust
Science and Mathematics Education Center

Western Australian Institute of Technology
Bentley, Western Australia 6102

AUSSTRALIA

.Kenneth Tobin
Science and Mathematics Education Center

Western Australian Institute of.Technology
Bentley, Western Australia 6102

ABSTRACT

TheThe grade 11 and 12 chemistry coursi. in Western Australia
is generally considered to be conceptually demanding. The first
year of this course assumes a considerable knowledge of a number
of concepts, facts and principles In chemistry. Research evidence
indicates that cognitive factors such as prior knowled-,:, formal
reasoning ability, intelligence, diseabeddinq ability and memory
capacity arc significantly related to science achievement. This
study investigated possible relationships among these cognitive
variables and chemistry achievement. The data for the
investigation were collected from grade 11 chemistry students in
11 high schools in the metropolitan area of Perth, Australia.

The results of the study indicated that prior knowledge and
formal reasoning ability were the best predictors of chemistry
achievement, laboratory application skills and problem solving
ability. -A path analysis provided support for causal hypotheses
;inking laboratory application skills and problem solving. ability
wit!: understandingof concepts, facts and principles of chemistry.

The findings of this investigation have implications for
curriculum development and implementation and for teacher
education programs involving high school chemistry.

31



0

Session A-4

11

PREDICTING CONTINUED PARTICIPATION IN COLLEGE
CHEMISTRY FOR MEN AND WOMEN

George E. DeBoer
Colgate University

Hamilton, NY 1.1346

ABSTRACT

The purpose of this study was to test the effectiveness of
a cognitive motivational model of course selection patterns to
explain the continued participation of men and women in college
scienc courses. A number of cognitive motivational constructs
was at 'd in a path model and their effect on students'
intentl, ,o continue in college chemistry was determined.
Variables in the modal included self-concept of ability, future

pa.st_succe4.6,,_ st-fortempended-,stristecti ye-
interpretations of both past success and task difficulty, and
intended persistence, the dependent variable in the model. The
data were also examined for sex differences in the plan to
continue in chemistry that might be explained by the elements Of
the model.

The results showed no sex differences' in course
performance-, the plan to continue in chemistry, self-concept of
ability, or past achievement in science courses. The path
analysis dice confirm, however, the usefulness of the cognitive
motivational perspective to explain the intention of'both men and
women to continue in science. (The model explained 351 of the
variance in the students' plan to take additional chemistry.)
Central to that process appears to be a person's self-concept of
ability. Students who had confidence in their. ability io
chemistry expected to do well in the future and were more likely
to plan to take more chemistry. Self-concept of ability in turn
was dependent on a number of past achievement experiences and the
personal interpretations of those experiences.

12
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TIE LrFECTS OF COPING STRATEGIES UPON SCIENCE ACHIEVEMENT
OF COMMUNITY COLLEGE STUDENTS

Linda W. Crow
Houston Community College System

22 Waugh Drive,
Houston, TX 77i107

Martha X. Piper
University of Houston at Victoria

2302-C Red River
Victoria, TX 77901

ABSTRACT

pow people view the world around them has a tremendous
tact da-trtivi-racti-onsa-nd---affects---ttre-cherivirs--tttarrtrity ,Fake. --
Field independence and fifld dependence have been shown to affect
a person's perception. It has further been shown to have some
impact on the science achievement of students.

Some teaching strategies have been studied and tested to
see if they could improve the performance of,field dependent
students. The successful ones always included experiences for
students that involved both the correct and incorrect responses.
This study assesses the effectiveness of coping strategies
designed to increase the science achievement of field dependent
students. These strategies were integrated into a geology course
designed for nonscience -,ajors. Preliminary results indicate that
they were successful. Further results and implications will be
discussed during tee presentation.

13
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".

NEUROSCIENCE, COCNITIVL SCIENCE AND SCIENCE EDUCATION --
DI- COASTAL PERSPECTIVES

Marianne B. Betkouski
College of Education and Human Services
Division of Curriculum and Instruction

University of North Florida
Jacki'onvilled FL 32216

Rita W. Peterson
Director of Teacher Education

University of California at Irvine
Irvine, CA 92717

ABSTRACT

_Mere exists..a_.high__Ieval. al..cortcera.,zraortg science
education leadership about how people learn scienc'. Mechanisms
for learning and memory in general have beep proposed by
researchers in a number of fields, among which are cognitive
science and neuroscience. Basic questions about learning ... . be

answered more completely through interdisciplinary efforts.
Indeed, these efforts are mutually beneficial for all
participants, as is evident from the success of interdisciplinary
groups on two sides of the country.

The two presenters will welcome dialogue with the audience
as they aadress:

1. What is happening in their respective areas related to
neuroscience, cognitive science and science education.

2. .Conceptual models which hold promise for science
education research.

3. Questions and implications for science educators.

14
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Session A-7

ASSESSMENT OF APTITUDE INTE.PriONS FOR THE MOST
COMMON SCIENCE INSTRUCTIONAL STRATEGIES

Steve yieids
Monroe Area High School

Monroe, GA 30655

ABSTRACT

Many educational researchers neglect the aptitudes of thelearners when they assess the'relativeJeffectiveness of
instructional ploys. Critics of this approach question whether'any strategy is best for learners of all aptitudes. The likelysitation, as they see it, is that a successful strategy forlearners possessing comparable characteristics may be inadequatefor learners having differing aptitude,tiaite. Research thatprobes the interaction-of-aptitudes

Wrt-h7varyibg instructionalstrategies
I

termed A=T-I (Aptitude-Treatment-Interaction). Itwas the purpose of this study to examine; A-T-I's for the two mostWidely used science teaching strategiesi(i.e., lecture and lectureaugmented with classroom lctivities). .Two aptitude variables wereexamined: cognitive ability level expressed in Piagetian terms
and cognitive learning style (field dependence/independence). Asample of 200 high school biology students (100 for each treatment
group) was .utiliZed. Each treatment gioup was stratified forcognitive ability level. AChievementiWas measured in a criterion-referenced fashion (mastery vs. nonma4tery of eight biology,
concepts). The findings were that both aptitude variablesinteracted with achievement, and that the two treatments differedonly marginally in the A-T-I. Of the two aptitudes analyzed,cognitive ability level had the greater interactioni.e., highercognition favored mastery, while lower cognition did not. Astrong correlation (zero-order gamma of .53 for each biology
concept studied) was found between cognitive ability level andcognitive learning style. tieing field independent and of a.highercognitive ability level was more indicative of achievement than
being field dependent and of a higher cognitive ability level.
Students of lower ability levels'were more often field dependent
and mastered the biology concept infrequently.

15
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Session A-7

THE ATTAINMENT or SCIENTIFIC LITERACY BY URBAN

HIGH SCHOOL SENIORS

James U. Dyerly
Cincinnati Public Schools
Ualniit'Hills High School

3250 Victory Parkway
Cincinnati, OH 45207

ABSTRACT

Data collected from a representative-sample of urban high
school seniors were subjected to path analysis to test the

consequences of a priori causal assumptions about the scientific,

literacy attainment process. The hypothetical model consisted of
eight variable levels. The dependent variable was measured with a
seven dimension scientific literacy instrument:- -Race, gender, 19-,

and SES were treated as exogenous variables. The intervening
levels were (In order): early achievement, influences of
significant others, fate control, motivation, and quantity of

instruction. Causal relationships between an additional exogenous
variable (quality of instruction) and fate control, motivation,
and scientific literacy were also hypothesized.

Race, /gender, and measures of SES, aptitude, reading
achievement, peer encouragement and evaluation, teacher
encouragements to take more science courses and to do well in

science, parental encouragement and evaluation, fate control, in
science, science self-concept, vocational - educational
expectations, amount of in-school and outside-of-school science
instruction, and quality of high school science instruction were
all found tocontribute meaningfully to outcome. Achievement
motivation (importance of grades, competition, and mastery) and

junior high schbol.science performance/feedback in the form of

grades were found notto'be meaningful predictors for the total

sample. The effect of'omtside-of-school learning was found bp be

three times that'of the in-school contribution'. 7

Compared to males and nonblacks, females and blacks were

found to be less literate. The causal assumptions explained ,11
large portion of the gender difference and a much smaller portiom

of the race difference. In general, female attainment was found

to be much more dependent on the support of significant others,
vocational-educational expectations, science self-concept, fate\

control, math achievement, and classroom psychological comfort. '\
Science achievement motivation had a negative effect on ...female

performance and positive effect on male performance. Performance
of black students was found to be more dependent on in- school

16
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instruction and associated encouragements,' and the quality of
science instruction.

Problems were encountered in measuring the influences of
significant others and motivational levels of black students,
resulting in conservative estimates of the effects of these
variables for the total group and for the black subgroup. The
model accounted for 53% of the variance for blacks, 58% for
whites. 55% for females, and 67% for males.

,17
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EDUCATIONAL PRODUCTIVITY IN SCIENCE EDUCATION: SECONDARY
ANALYSIS or NATIONAL AsstssmENT IN SCIENCE DATA

Barry J. Fraser
WeLtern Australian Institute of Technology

Faculty of Education, W.A.I.T.
Bentley, WA 6102, AUSTRALIA

Herbert J. Walberg
University ofIllinois at Chicago

College of Education
Chicago, IL 60680

Wayne W. Welch
University of Minnesota

College of Education
Minne.polis, MN 55455

ABSTRACT

According to Walberq's theory of educational productivity,
the following nine factors require optimization to increase
student achievement of cognitive and affective outcomes: ability,
age, motivation, quantity of instruction, quality of instruction,
home environment, class environment, peer group environment, and
mass- media. These nine factors were identified from a synthesis
of:about 3,000 individual studies of factors related to learning.

Most individual experiments or quasi-experiments analyze
only one or two factors and involve samples which ake of limited
size and are not national. Survey research can complement
'experimental studies because it often draws large, stratified,
random samples from national populations and because it often
involves numerous predictors of learning.3 The National Assessment,
in.Science is an example of a survey which included items which
could be interpreted as measures of most of the factors in
Walberq's model. Consequenay, secondary analyses were conducted
for the purpose of probing the validity of the model.

The first step involved operationalizing two measures of
student outcomes, namely, achievement and attitude. The next step
involved operationalizing measures of 7 of the 9 productivity
factors: ability, motivation, quality of instruction (indexed by
the science teaching budget), quantity of instruction (minutes of
science per week and amount of homework), home environment, class
environment, and media (amount of television viewing). Also the
t,wo additional variables of gender and race were included because
of their strong relationship with student outcomes in past
research.
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The National Assessment in Science involved anational
.random sample of 18,000 litudents aged 9, 13, and 17 n about 700schools. Lut the present productivity analyses were !restricted tothe group of 1,960 nine year-olds who had completed 01 test itemswhich made up the variables in the productivity modeli. The set of10 predictors was regressed separately

on achievement; and attitudeusing a "backwards
elimination" multiple regression methOd in'which variables were dropped progressively from the equation untilall remaining predictors had regression coefficients which weresignificantly oitferent from zero.

When controlled for other factors, ability, motivation,class environment, home environment, amount of television viewing,gender and race were all found to ue significantly related tocognitive achievement. For the attitude outcome, the variableslinked with attitude were ability, motivation, class environmentand race. These results for nine-year olds are compared Withthose from analogous secondary analyses of National Assessment inScience data for 13- and 17-year olds. Overall, the findings addsupport for the model of educational productivity and suggest thatscience students' achievements ano attitude are jointly influencedby a number of factors rather than one of two dominant ones.
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RESEARCH INTERESTS OF SECONDARY SCIENCE TEACHERS

Dorothy L. Gabel
Indiana University

204 W. W. Wright Education,Building
Bloomington, IN 47405

Stanley L. Helgeson
The Ohio State University

Columbus, OH 43210

Joseph D. Novak
Cornell University
Ithaca, NY 14850

John W. Butzow
Indiana University of Pennsylvania

Indiana, PA 15701

K. V. Samuel
Indiana University

Bloomington, IN 47405

ABSTRACT

In the past few years science educators and the nation at

large have become increasingly concerned about the "Crisis in

Science Education." An underlying cause of this crisis is the
nonuniform quality of instruction delivered by secondary science

teachers. One way to improve the quality of teaching in the

schools is the appli,Cation of science education research findings

to teaching. Most teachers are unaware of the research findings

and/or do not apply them in their classrooms. This study helps
determine the areas of research which are of greatest interest to

secondary science teachers. Results will be used by NSTA to
determine the contents of future volumes of the monograph What
Research Says to the Science Teacher.

A random sample 0.,600 secondary science teachers was
obtained from the. National litOstry of NSTA. Teachers were sent a
23 item questionnaire that aske:i them to rate their interest in
each research topi6 on a five point scale. The questionnaire
contained the 12 items prepared by a NARST-NSTA committee in 1979,
and an additional 11 items using the same format. Demographic
data collected from the survey incluoed sex, teaching assignment,
role and familiarity with-What Research Says.... Data were
analyzed using these demographic data as well as according to
whether teachers returned the original 3r a follow-up

questionnaire. Sixty percent of the teachers completed the
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40



0

questionnaire In usable form. Overall results of the study, based
on both frequency response and on mean rating, indicate that
the following five topics are of greatest interest `to secondary
science teachers; laboratory experiences, motivational
techniques, effect on college courses, problem solving, and
meaningful learning. Analysis of data according to the subject
taught indicated that chemistry and physics teachers are more
interested in problem solving than are biology teachers, and that
chemistri, physics, and earth science' teachers are also interested
in the sequence of the content. Males and females had the same
tcp fi,ie Interests but in a different order. The same is true for
iJachers of grades 7 -4 versus grades 10-12. Rural teachers'
preferences varied substantially from those in other settings, and
differences were also found for teachers' familiary with What
Research Says... compared to the rest of the'sample. Teachers who
returned the first questionnaire had basically the same
preferences as those who returned the follow-up questionnaire.
For every classification of teacher, the area of least interest
was sex difference research.
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EFFECTS OF TEACHERS' USE OF CONCRETE ANALOGIES ON ACHIEVEMENT
OF HIGH SCHOOL DIOLOGY STUDEN'S WITH VARYING LEVELS OF

PRIOR KNOWLEDGE AND COGNITIVE ABILITY

Joseph C. Burns
University of Alabama in Birmingham

Department of Curriculum and Instruction
Birmingham, AL 35294

James R. Okey
University of Georgia

Department of Science Education
, Athens, GA 30642

ABSTRACT

The purpose of this study was to compare the effects of
analogy-based and conventional lecture-based instructional
strategies on biology achievement of students enrolled in four
classes at a suburban high school. Prior to treatment, students
were assessed for cognitive ability and prior knowledge. A
numeric grade from the previous term of biology served as a
covariate. The study was conducted over three units of
instruction.

The analogy-based treatment consisted of teacher lecture
and student examination of analogy text, diagrams and charts
comparing target information to an analogous gomain. Conventional
lecture-based strategies involved didactic teacher preseqtation of
target concepts supplemented with reading assignments from the
regular classroom text. Instruction for each unit lasted two
days, followed by an achievement measure every third day.

Analysis of covariar.e procedures were used to identify
main effects on achievement related to treatment, cognitive
ability and prior knowledge. Interactions between variables wer.,.:
assessed by the same procedures. Data concerning comprehension of
the analogies were also analyzed with respect to possible effects
on achievement.

Conclusions drawn from evidence in this study suggest:

1. Analogy-based instructional methods appear to enhance
student performance relative to conventional lecture-
based instruction in achievement related to the
digestive, nervous and circulatory systems.

2, loth concrete and transitional /formal opeiational
students benefited from analogy-based instruction.
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3. Wit both treatments, transitional/formal operational
utu ents tended to show higher achievement than
co crete operational students.

4. Concrete operational students receiving aralogy-based
instruction scort'd higher than transitional/formal
Operational students receiving conventional lecture,-
based instruction.

/Students5. S who comprehended analogies showed signifi-
cantly higher achievement over those who did not
comprehend them.

/
6,( The effects related to treatment tended to be more

/ pronounced when comprehension of the analogy was high.;

23

43

ti



Session A-10

ATTITUDE AND ACHIEVEMENT IN NINTH GRADE PHYSICAL SCI NcE OF
LOU NEED LEVEL STUDENTS: A REEXAMINATION OF

THE MATCHING HYPOTHESIS

Frank E. Crawley
University of Texas at Austin

Science Education Center
AUstin, TX 78712'

John S. Trout
Division of Physical and Biological Sciences

St. Edward's University
3001 S. Congress Avenue

Austin, TX 78704

ABSTRACT

In a previous study, the benefits of matching instruction
with the students' needs were examined. Three personality
variables were used for the purpose of matching: Easlowian need
level, locus of control, and cognitive style. Participants in the
study were students (n.301) enu lied in ninth grade physical
science and their teachers (n4) in one high school in the central
Texas region. Instruction was designed to accommodate, to
differing extents, the needs fnr love and belonging, an external
locus of control, and a field dependent cognitive style.
Cognitive and affective outcomes served as the dependent variables
for the study, which lasted for 21 class days. Results of the .

study indicated that 55% of the sample, 166 students, registered
physiological and safety as their r:imary needs; data for these
students were excluded from the study. For the remainder of the
sample, the benefits of matching proved to be inconsistent. As -
the degree of compatibility increased, students' attitudes toward
science in general improved. Neither achievement nor attitude
toward physical °science class, the physical science teacher, or
the method of instruction improved as a result of matching.

The present study examined the cognitive and affective
entry characteristics of the ninth grade physical science students
participating in the previous Investigation and the benefits of
matching for students possessing low level needs. Significant
differences were found in the cognitive and affective entry
characteristics of students of differing need levels. Students
differed in their attitudes toward science in general (p < .01)
and their prior knowledge of physical science (p < .05). Matching
did not prove to be beneficial for students primarily concerned
with the fulfillment of low level needs, Le., physiological and
safety needs. differences in achievement, not attitude, were
found (p < .01) to be dependent upon the extent of matching.

24

44



A,rikrty,

Unexpected, however, ;was the finding that increased compatibility
(i.e., more complete Matching) resulted in lower achievement.

The results of the study are discussed in terms of the
matching model of instru on and the desire to design instruction,
to accommodate the diver t, of student needs in introductory,
secondary school physical science. courses.
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.RELATIONSHIPS BETWEEN SUBJECT PREFERENCE, GENDER,
AND ATTITUDE TOWARD SCIENCE

E. Lynn Talton
South Carolina State Department of Education

Office of Research
Columbia, SC 29201

Ronald D. Simpson
University of Georgia

Office of Instructional Development
Athens, GA 30602

ABSTRACT,.

Several factors .such as self concept, classroom environ-
ment, family background, and gender have been shown to be related
to student attitudes toward science. This study examined the
relationship of student's favorite subject with attitude toward
science. Specifically, it was designed to determine if students
with different favorite subjects possessed different attitudes
toward science and the effect, if any, that student gender had on
this relationship.

Data were collected from 4500 sixth through tenth grade
students enrolled in a school alstrict in North Carolina. An
attitude instrument' assessed student attitude toward science.
Students selected their favecit,.: subject from four; English,
mathematics, sciencev and soc.i'l 'Audies.

There were significant differences in attitudes toward
science among students having different favorite subjects.
Students choosing science as their favorite subject had the most
positive attitude toward science, while students that preferred
English had the least poSitive attitude toward science. There
were no significant differences in the findings due to gender.
Both males and females showed the same pattern of relationships
between favorite suk -- and attitude toward science found in the
entire population. at would appear that gender does not pray an
Important role in the relationship between favorite subject and
attitude toward science.
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THE IDENTIFICATION, DEFINITION AND MEASUREMENT OF KEY
VARIAF%ES IN WAIT TIME RESEARCH

J. Nathan Swift
:,tate University of New York at Cswego

Oswego, NY 13126°

C. Thomas GcOding
State University of New York at Oswego

Oswego, NY 13126

ABSTRACT

The purpose of this paper is to examine th problems
involved in the identification, definition, and me surement of
those critical variables in the classroom that rel to to the
effectiveness of teaching aim; learning.

We will address three points relevant to clasroom
interaction analysis:

1. Discussion classificatiOn. Few researcher have
attempted to coneeptCalize the nature of the diieussio in
classroom,i. A new category system, based on.the serie of
definitions is presented as a basis for further development.

2. Wait time. A variety of terms have been use to
c'escrihe the multiple types of pauses that may be encoun ered in
the analysis of classroom dialogues. These and other ty es of
interactive pauses are examined.

Electronic feedback devices, called Wait Timers, h ve been
demonstrated to assist teacher and students to successful) extend
their wait times. The relative significance of wait times 1 and 2
is evaluated.

3. rOther.variables. There are numerous variables,
addition to wait time, that may be measured in classroom
interaction. These include: cognitive levels of teacher
statements or questions, sZudent cognitive levels, ratio of
teacher and student talk, affective climate measures, achievement
measures, patterns of interaction, nem-verbal cues, and
alternatives to questions. The effeotiveness of these variables
will be compared with reference to their ability to parsimthlioilsly
describe the essential characteristics of classrooms. Examples
are drawn from our work and the work of others.
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Session A-11

WAIT TIME IN SCIENCE NECESSARY BUT NOT SUFFICIENT

Kenneth Tobin
Western Australian College

Mt. Lawley, 605U, AUSTRALIA

ABSTRACT

It is impsrtant to examine the use of extended wait time in
whole class settings because this mode of teaching appears to
predoe'-=:s in American and Australian science classes. However, ,

recent research raises sitestions about the probable beneficiaries
of an extended wait time in whole class settings. Teachers tend
to interact with a relatively small group of target students when
questions are asked to stimulate thinking or to obtain student
responses that can be used as a bridge to new content. Target
student* appear to be those that can be relied upon to provide a
response that the teacher can.us, in subsequent instruction. If
other students do listen to these responses then it :in be argued
that extension of wait time is generally beneficial. However, if
students do not carefull, attend to the content of peer responses
then an extended wait time might benefit target students to a much
greater extent than it would non-target students.

An assumption that underlies the use of an extended wait
time in whole class interactive settings is that additional time
can be used by teachers and students for cognitive processing.
This may not always be necessary. In an experimental setting
lesson plans are often provided in order to control for unwanted
variance in the implemented curriculums in different classes. By
so doing, the activities in which students are to engage are
specified. As a consequence, an implemented science curriculum
usually provides opportunities for students to engage in higher
cognitive level tasks. In a non-experimental situation engagement
patterns are often quite different. The evaluation systems tends
to shape the implemented curriculum in most Australian schools.
Teachers plan and implement activities to enable students to pass
the examinations and tests or to attain a high course grade. As a
consequence, many of the interactions that occur are pitched at a
lowocognitive level. Algorithms are introduced and learned in
Order to allow students to get the right answers. The use of
algorithms tends to reduce the cognitive demands of the work to be
done. As a consequence, when teachers implement the regular
science curriculum, the cognitive level of whole class
interactions is often low. There are numerous instances in each
lesson when there is not much to be gained by pausing for 3 to 5
seconds. Unless the implemented curriculum requires students to
think, there is little value in providing them with time to think.
The introduction of an extended wait time alone may not pioduce
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the improvements that research on wait time suggests. Unless the
implemented curriculum is providing students with opportunities to,
develop higher cognitive level outcomes, there is little point in
using.an extended wait time.

The symposium presentation will review the results of aten
year program of research on teacher wait time and will synthesize
these results with those of an ethnographic study of high school
science. Implications of the research will be presented for
funer research, teacher education, curriculum design and
classroor practice.
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Session A-11

ACQUISITION OF WAIT TIME; TRAINING TECHNIQUES AND RELATED
TEACHER BEHAVIORS: THE WAIT TIMER AND SUPPORTIVE

INTERVENTION

J. Nathan Swift,
State University of New York at Oswego

Oswego, NY 13126

Patricia Swift
State University of New York at Oswego

Oswego, NY 13126

ABSTRACT

iSince the initial studies of wait time/inquiry twenty years I

ago, progress has been made too implement the studies of Rowe,
DeTure, Swift and Gooding, and Tobin and Capie. One approach
utilizes a device that flashes a light indicating when 3 seconds
have,elapsed after a person stops speaking. This is an
unobtrusive indication of wait tiMe, and while it may seem to be a
simple solution, it allows both students and teachers to learn to
pause for;thinking,time., Previous\att mpts to train teachers in
wait time were costly in time and effor . ,This new 'Wait Timer'
device has proven to'be successful in t aining teachers to pause
without the intrusive appearance of a r searcher or teacher
trainer. An addedbenefit occurred when students also began to
wait. Even zt,, brighter students begat o realize that if they
Paused to think, they could compose bett 1r answers.

The effect of using the Wait TiMer\was enhanced when tape
recordings of classrOom discussions were analyzed by a research
staff. Reports to the teachers in the follow4ng week emphasized
only positive teaching beh'aviors. This process, termed
"supportive intervention,°Iresulted in longer wait times by
teachers and students, hiq er cognitive questioning levels by
teachers, more student -stud nt interaction, fewer disciplinary
remarks, fewer classroom ma agement actions, and more enthusiastic
teachers.

The results of this st s4 indicate that the use of the
electronic device coupled wit supportive intervention can
effectively improve classroom \interaction between students and
teachers.
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Session A-11

ACQUISITION OF WAIT TIME; TRAINING TECHNIQUES AND RELATED
TEACHER BEHAVIORS: MODELING PROTOCOLS

Linda R. DeTure
Rollins College

Winter Park, FL 32789

ABSTRAcT

A major concern associated with wait'time research is
developing an expedient process for training teachers to
effectively engage in criterion wait time. The consensus of the
research is that if teachers use 3 plus seconds during discussion
many positive benavior changes occur in both teacher and student
outcome variables. However, having teachers internalize and value
the proposed pausing patterns goes beyond simple training.

Developing effective training techniques has been a
necessary focus of a number of research projects. Two successful
approaches have involved either the principles of observational
learning via breling or the advent of a mechanical device that
gives continuo feedback to the participants. Training is the
initial step in implementing wait time into olassroom practice.
It appears that follow up support is necessary for what may be a
critical period when the teacher begins to adopt extended wait
time as an effective teaching strategy. Studies with preservice
and inservice teachers support this notion.

The purpose of this paper is to explore the research
related to training and to examine strategies that will enahl,:
teachers to utilize wait time as an ongoing practice.
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Session A -12

CONCEPT NAPPING: A LEARNING STRATEGY FROM RESEARCH
PUT INTO PRACTICE

Laine Gurley-Dilger
Township High School District $214

2121 S. Goebbert Rd.
Arlington Heights, IL 60005

ABSTRACT

Since 1975, the Cornell University Science Education
program has employed concept mapping in most of the research
studies. 'Since 1983, .dncept mapping has been used in innovative
teaching programs in the northwest suburban Chicago area, as well
as in the inner city of Gary, Indiana. We have found that
students from grade one through graduate school benefit from
constructing concept maps in that the maps teach them to iden'il-y
and relate key concepts and propositions in materials they are
studying. Also, concept mapping helps students to "learn how to
learn." This strategy is seaningful for teachers in the
organization of their teaching presentation as well as in the
evaluation of misconceptions in their students. In this workshop,
Several illustrative concept maps will be presented along with a
brie introduction to the psychological principles underlying
concept maps. A simple concept map will be constructed from a
short text, and from a list of related concept words.
Participants will construct a simple concept map. e3mputer
programs recently developed on concept mapping will be available.
Examples of procedures to teach 'concept mapping' to students will
jbe provided. Participants should be ready to understand research
/relevant to education issues suggested by concept mappihg
strategies.
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Setsion A-12

COMPUTER INSTRUCTED AND COMPUTER FACILITATED CONCEPT MAPPING

Timothy L. Schaap
High School District 214
2121 S. Goebbert Road

ni.lington Heights, IL 60005

ABSTRACT

Educational research has established that concept mapping,CM, is a technique that
facilitates "meaningful" lea ing.However, teachers have not made a commitment to use t is learningtool. It would appear that teachers are reluctant to commit classtime to the teaching and evaluation of CM at the expen e of timepreviously allocated to course content areas. The on1 solutionto this dilemma canes about if we can become so efficie t atteaching and evaluating CM that in-class time used for his,purpose is minimized.

For this reason the Apple computer is the key to hesuccess of our proposed program. It can provide out-of-c asstutorial Instruction in CM which will be personal, conven ent andrepetitive. It will provide sufficient structure to alloefficient in-class evaluation CM by both teachers and s udents.

Therefore, it is the goal of this study to instruct -10chemistry teachers and 506 students enrolled in junior chemistryin how to concept map chemistry assignments using only one day ofin-class time and cciAputer aided instruction, CAI. An inter ctivecomputer tutorial and audiovisual aids have been created for hispurpose.

A second and equally important goal of this study is todemonstrate that microcomputers can be used by faculty and
students to create concept maps. Students and teachers willrealize that computer generated concept mapping allows uniformiflexibility, and storage which are impossible to achieve by papeand pencil methods.
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CONSTRUCTING VEE MAPS FOR CLINICAL INTERVIEUS
ON ENERGY CONCEPTS

Charles R. Ault, Jr.
Indiana University

202 Education
Bloomington, IN 47405

ABSTRACT

The purpose of this study was to apply the "Knowledge\ Vee"

to the task of interpreting and representing children's ener0
conceptions as expressed during clinical interview .' Vee anAlyses
were conducted on five transcripts covering the two year intiTval
from sixth to eighth grade for three student3.

Children resisted interpreting events in terms of meani gs

which chillenged the relationships among highest level concept .

.They clec.ly derived theix grade eight level of understanding f om
concepts Present in grade six. Those with "rice
conceptualization improved in understanding the most.

The Vees for energy concepts highlighted a tendency to
misconstrue,meaning in a manner consistent with everyday

observation: energy is fuel-like and gets used up.
Energy-being-used-up hinders progress in grasping the law of

conservation .of energy. The missing (yet learnable) proposition
in children's knowledge seems to'be that all the energy that made
a change occur still exists, only in changed form, afterwards.
Children appear to resist labeling many events examples of energy
perhaps because they harbor the "source of fuel" image of energy.

In summary, the Interview Vee captures steps in the
evolution of an individual's understanding and amplifies
persistent, idiosyncratic patterns in personally grasped meanings.
The products of Vee analysis support the utility of an Ausubelian
explanatory framework.
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EVIDENCE TIAT SCiCNCE LOCUS AF CONTROL ORIENTATION
CAN BE MODIFIED THROUGH INSTRUCTION

David L. Maury
Depart...ent of Education

Tufts University
Medford, !IA 02.155

ABSTRACT

A desire to foster enduring, positive attitudes toward
science teaching among elementary school teachers led to study of
locus of control orientation as a contributor to attitudes. On
the basis ofuevidence for-a strong, positive relationship between
internality and positive attitudes t(3ward science teaching, it was
decided to explore the possibility of fostering internality
through instruction. Studied, t!'.0h, WAS the effect of a required
science methods course on the science locus of control (SciLOC)
orientations of preservice elementary teachers.

A quasi-experimental research strategy was employed to
study the effects of two instructional treatments. The strategy
comprised a nonequivalent control groupdesign, pretest measures
to, demonstrate the essential equivalence of treatment groups, and
analysis of covariance (ANCOVA) techniques to test treatment
effects. Both treatments in'corporated strategies shown by
research findings to have positive effects on the attitudes of
subjects, but the novel treatment emphasized self-management, goal
clarification, and individualized course expectations. The,,
comparison treatment was more conventional in emphasizing acadamic
achievement and the completion of a standard set of course
requirements.

At the conclusion of treatment, the two subject groups were
compared in terms of SciLOC orientation. There was found by
ANCOVA to be a statistically significant. (E < .05) difference
between groups, with subjects exposed to the novel treatment
exhibiting grey c internality. The quantitative comprehension
and age of subjscts were used as covariateS of SciLOC orientation,
and subject gender was employed as a moderator variable. .Though
the treatment effect it small, accounting for 3% of the variance
in Scii,:C orientation, the finding seems to have educational
sigsificalce. The demonstration that SciLOC internality can be
enhanced through implementation of some rather passive
instructional techniques over a 10-week period seems significant
as a demonstration of potential, potential to be realized through
further tesearch. These results encourage attention to teacher
attitudes from a rather new perspective, and they raise several
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interesting research questions related to instructional methods;nd the long teem effects of enhancing internality.
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Session A-13

TIIC ROLE OF TUE SCIENCE TEXTBOOK
IN A CONCEPTUAL. CHANGE. MODEL OF INSTRUCTION

Kathleen J. Roth
Michigan State University

Institute for Research on Teaching
2018 Erickson Hall

East Lansing, MI 48824

ABSTRACT

The paper draws on previously published work and two
studies recently completed by the author to develop a theoretical
poSition concerning :he "role that science textbooks can and should
play in classroom teaching for conceptual change. One of the
studies reported compared student procesSing and compiehension of
a text designed to promote conceptual change with student
processing and comprehension of two traditional texts. The other
study investigated the effects of the experimental text on teacher
behavior and student learning in a classroom where an activity- -
based program was in use. In both studies, students using the
experimental text were much more successful in relinquishing their
misconceptions in favor of scientific understandings about
photosynthesis and food for plants than students using the
traditional texts or, than students receiving activity-based
instruction. Features of the text and of its successful use in
the classroom are contrasted with features of traditional texts
and traditional textbook instruction. The argument is developed
that, while traditional texts prove more often to be obstacles to
student learning rlther than aids, a text can be a useful tool in
conceptual change teaching if the textbook is sensitive to
studentsl.misconceptions. It is proposed that a new kind of
textbook development based on knowledge about students'
misconceptions is needed.
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EFFECT OF PRETEST CLINICAL INTERVIEWS ON
POSTTEST CLINICAL INTERVIEWS POLLOWING INSTRUCTION

rred N. Finley
University of Maryland

Science Teaching Center
Room 0227 Benjamin Building
College Park, MD 20742

ABSTRACT

Recent theories in cognitive'psychology suggest that what
studentS learn from instruction is a result of the interaction of
their prior knowledge and instructional content. As a result,
researchers in science education are viewing learning as the
changes in knowledge that result from instruction. The assessment
of knowledge changes is often being done by the use of
pre-instruction and post-instruction clinical interviews. There
is, however, a potential problem in the use of clinical interviews
in this manner. The initial clinical interview may alter what
students learn from the instruction, thus changing their responses
during the subsequent interviews.

The'purpose of this study was to determine the effects of
pre-instruction clinical interviews on post-finstruction
interviews. Twt y four students were randomly selected from
eleventh grade cf,,mistry classes and randomly assigned to either
an experimental or a control group. The experimental group was
given a pre-instruction interview, instruction in the form of a
reading passage about thermal energy transfer, and a
post-instruction interview. The control group read tr%e passage
and participated in the subsequent interview. There sdas one week
between the first interview and instruction and one week between
the instruction and second interview. During the interview,
students were presented with an activity in which thermal energy
transfer occurred. They were asked to predict, describe and
xplain the event. In addition, the interviewer asked questions

rE uirinq students to clarify the concepts they used.

he interviews were tape recorded, transcribed and analyzed
to de rmine the propositions students used to describe and
explain the event. The meaning of each related concepts such as
heat, water, or molecular collisions. The performance of the
groups was compared in terms of the numbers of correct
propositions and numbers of incorrect or ambiguous propositions
they used. A similar comparison was made using only propositions
in which concepts directly related to the reading were used. No
comparison indicated a statistically significant difference.
However, the experimental group used a substantially smaller
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percentage of incorrect or ambiguous propositions in both
comparisons. A qualitative analysis of these differences
indicated the decrease in incorrect and ambiguous propositions
resulted in a more coherent and understandable posttest interview
for those in the experimental group. The qualitative analysis
also indicated that four of the twelve students in the
experimental group correctly related thermal energy transfer to
molecular collisions and changes in molecular motion. This was
the major theme of the passage. Only one student in the control
Group expressed this complete set of propositions during the
posttest.

The conclusion was that the initial clinical interview did
not result in extreme post-instruction interview differences.
However, enough students in the control group learned Sufficiently
more coherent and complete knowledge about thermal energy transfer
to be of concern. Additional studies of this problem in Other
content domains with larger n's are needed.
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Session A-14

BIOLOGY INSTIWC7I04 BY INTERACTLVE VIDEODISC OR
CONVENTIONAL LABORATORY: A QUALITATIVE COMPARISON

William V. Leonard'
Louisiana State University

College of _Education
Baton Rouge, LA 70803

ABSTRACT

This study was designed to learn if students perceived an
interactive computer/videodisc learning system to represent 9
viable alternative to (or extension of) the conventional
'laboratory for learning biology skills and,concepts normally
taught under classroom laboratory conditions. Data were collected
by questionnaire in introductory biology classes of'three
categorically different postsecondary institutions where students
used an interactive videodisc/computer lesson on respiration and
biogeography instead of the traditional laboratory investigation.
The system cousisted of a TRS-80 Model III microcomputer
interfaced to a Pioneer laser disc player and a color TV monitor.

Students indicated a comparatively high level of
satisfaction with this strategy and responded consistently
favorably to the aspect of efficiency of instructional time.
These two generalizations are consistent with past CAI research.
Students fo.nd the two approaches to be equivalent to conventional
laboratory instruction in the areas of general interest,
understanding of basic principles, help on examinations, and
attitude ,toward science. Students also had a strong perception
that the images on the videodisc were not real* and this factor
presented perceived both advantages and disadvantages.v It is
inferred that the videodisc/cbmputer technology will not likely
serve as a viable substitute to the wet" laboratory experience,
but that this medium may su,stanttally enrich the spectrum of
educational experiences usually not possible in typical classroom
settings.
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INTERACTIVE COVPUTERIVIDEbEIS,C__LLSZONS.-. AND--
UN S'TUDENTS' UNDERSTANDING OF SCIENCE

Scott .4i. Stevens
indBank, Inc.

4620 Henry Street
Pittsburg, PA 15213

ABSTRACT

The purpose of this research was the comparison of
interactive videodisc instruction with standard laboratory
instruction. in a college level physies.course. forty -nine
students enrolled in physics at George Mason University took part
in the study. Twenty-two students formed the experimental group
and performed the interactive videodisc laboratory "The Puzzle of
the Tacoma Narrows Bridge Collapse." The videodisc laboratory was
enhanced by the investigator to make it a computer controlled,
Level Three Videodisc Lesson. Twenty-seven students formed the
control group and performed a traditional laboratory on the
physics of standing waves on strings. The criterion instruments
were an investigator-constructed content pre and"post-test, the
Schwirian Science Support Scale fdrms A and B, subjects'
Laboratory Data Tales, and Computer Recorded Data Tables. Using
analysis of covariance, no statistically significant difference
was found in the performance of the two groups on the Physics
Content test. An analysis of variance on the L boratory Data
Tables and the Computer Recorded Data Tables sh, red that the two
groups separated and controlled variables in signifieantly (p <
.001) different ways. A chi-square test (p < .0005) on the
Computer Recorded Data Tables showed the students in the
experimental group were selecting variables An terms of symmetric
patterns on the video monitor rather than s,:parating and
controlling the variables of the videodisc laboratory. Data are
presented that indicate the success of the traditional laboratory
group in the task of separation and control of variables was due
primarily to the physical nature of the equipment, not to their
ability to separate and control variables.

41

61



Sesi, ion A-14

EFFECTS OF, MICROCOMPUTER SIMULATIONS ON ACHIEVEMEN1
AND ATTITUDES OF MIDDLE SCHOOL STUDENTS

Edward L. Shaw, Jr.
Southeastern Louisiana University

P 0 Box 507
Hammond, LA 70402

James R. Okey
University of Georgia

Department of Science Education
Athens, GA 30602

ABSTRACT

The purrose of this study was to compare the effects of
alternative ways at-using microcomputer simulations on achievement
and attitudes of middle school students. The instructional
strategies compared were microcomputer simulations, laboratory
activities, .a combination of the two, and conventional classroom
instruction. The measured attitudes were toward computers and
science instruction.

Specific questions addressed in this study were:

1. Do differences in achievement and attitudes exist among
middle school students receiving instruction using computer
simulations?

2. Do differences in achievement and attitude exist among
students with different levels of logical reasoning ability?

3. Are the effects of instruction using microcomputer
simulations on achievement and attitude consistent across levels
of logical reasoning ability?

Outcome data were collected from nine classes of sixth and
seventh grade science students (n s' 173). Each class was randomly
assigned to one of the instructional stremegies. Topics covered
in this study included the process skills of observing,
hypothesizing, testing, classifyipg, and recording data. The
simulations and laboratory activities were keyed to instructional
objectives which all studc:ts were working to achieve. The
students worked on the simulations as a class with the teacher
operating the microcomputer and simulation programs. The students
worked in groups of two or three during laboratory activities. ..

The simulations were presented prior to the activity in the
combination treatment. The study lasted ten days.
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The following 01.swers to the research questions appear to
Le tenable based on ;Ichievement and attitude_ data_ciallectea

Nicrocomputer simulatiors, laboratory activities, and a
combination of the two instructional strategies resulted in higher
achievement than conventional classroom instruction. Neither
achievement nor attitude differences were found among the three
treatment group,i receiving computer simulations, laboratory
activities, or a combination of the two. No differences in
attitudes were found among any of the four groups.

2. Students at the high and middle levels of logical
reasoning ability out-achieve students at the low level of logical
reasoning ability. ro significant differences in attitudes among
the three groups were found.

3. The effects of the alternative instructional strategies
were consii,tent levels of loqica,,reasoninq ability.
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Session A-15

UNANSWEEED'QUESTIONS RELATED TO
PROBLEM SOLVING IN CHEMISTRY

J. Dudley Uetron
Purdue University

Lepartment of Chemistry
U. Lafayette, IN 47907

AUSTRACT

Previous papers in this paper set describe the role of
spatial ability in solving problems in chemistry, a comparison of
experts and novices in solving stoichiometry problems in
chemistry, and research related to.a teaching strategy for
improving problem solving in chemistry. This final paper in the
set describes where we are in our understanding of problem solving
in chemistry and what questions must be addressed before we can
make firm recommendations for changing chemistry instruction to
enhance problem solving ability.

. ° Research by Nurrenbern, Gabel, Ward, Cantu, Greenbowe, and
-Gilbert in this country as well as research by Johnstone in
Scotland, Frazier in England and Ben-Zvi, Silverman and Eylon in
Israel make clear that poor performance by chemistry students on
complex intellectual tasks may be attributed to many factors:

1. Students fail to solve problems because they quit.

2. Students tail because they do not understand what the
problem says.

3. Students fail because they misread the problem , make
incorrect inferences, make computational errors, quit before
reaching the solution called for, or--tiherwise misapply the skills/
and information that they are capable of bringing to bear.

4. Students fail because they lack (or fail to recall)
information needed to solve the problem.

5. Students fail because they do not. represent the problem
in a suitable problem space.

//
6. Students fail because they are unable to generate a

solution path within the problem space.

7. Students fail because they lose track op/ where they are
along the solution path.
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Other eaUse'S' Of-jaiTdreCOOld be added tothitl. list, but the
point is that we now have a great deal of information concerning
the various impedimenta to problem solving success. Before this
knowledge can be translated into prac'ical suggestions far
instructional improvement, mach more reaearch is needed. Among
the questions that need attention are these:

1. We know that many students adopt inappropriate strategies
fez solving problems because of "misconceptions" concerning the
nature of the physical world. For example, students' conception
concerning the microscopic nature of oatter are often very
different from scientists' conceptions and those "misconceptions"
lead students to perform "senseless" operations. What we do not
know is just how prevalent such misconceptions ate or how they can
be easily detected and remediated during tie course of
instruction.

2. We know that the most common strategy used by beginning
students. in attacking problems such as those commonly encountered
in texts is to instantiate a memorized .ule or formula. We also
know that such 'blind" application of rules and formulas
tl,requently lead; to incorrect "solutions". However, it is also
Out, that suceessful\problem solvers make frequent use of the
rUles and formulas sc frequently misapplied by poor problem
t;)Ivers. i4e need to know more about when and how rules must be
t ught in order for them to be applied appropriately. For
cample, did expert problem solvers go through a stage in which
they also loisapplied the ruleS and formulas that they now use
correctly? Is it necessary ior at least desirable) to bring;
students to a certain level of proficiency in applying rules in a
more or less rote manner before we can reasonably expect theM to
address non- routine tasks successfully?

3. t is apparent that successful problem solvers utiliie
many'stra egit?s for verifying procedures that they are using tb
solve pro lems and that they apply these procedures routinely.\
They often seem to be uncon;cious that they are in fact check,'
on the validity of what they are doing. What we do not know is
just how individuals went about developing these intellectual
habits and\to what extent they can be fostered by deliberate
instruction.

4. Itis also apparent that the procedure followed by
"expert" problem solvers when they are .solving novel problems are
very different from textbook solutions that tell students how to
go about solving problems. To what extent does such
misrepresentation of the problem solving process deter the
development of problem solving skills on the part of novices? If

it impedes rather than enhances the development of problem solving
skills as some, of us suspect, what should be substituted for the
kiwi of textbook solutions we now see?

q
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THE CFFLCT or A PROBLEM-SOLVING METHOD ON
PROBLEM-SOLVING PROCESSES

David V. Frank
Purdue University

Department of Chemistry
W. Lafayette, In 47907

J. Dudley Herron
Purdue University

W. Lafayette, IN 47907

'ABSTRACT

,A problem-solVing method of teaching is being used in the
recitation sections of a university-level freshman chemistry
course for science and engineering majors. This method is based
on prior results of research on problem solving by Greenbowe and
Nurrenbern which revealed that good problem solvers formed better
representations and used heuristics more often than poor problem
solvers.

Briefly, the model for solving problems consists of three
phas(s: (1) planning the .solution, (2) solving the problem, and
(3) eviewing the solution. The use of general problem solving
strategies, or heuristics, is stressed throughout, as is the use
of three different modes of representing the problem (the
macroscopic level, the microscopic level, and the symbolic level).

A posttest-only control-group design is being used to
experimentally test the model. Two instructors.are each teaching
a control section and an experimental section. Each section has
20 to 24 students. In the control section, the instructors are
primarily going over the assigned problems for the week at the
students' request. In the experimental section the instructors
are using the problem-solqing model for both students' questions
and new problems in recitation.

After twelve weeks of instruction, students in the study will
be given Individual 'think-aloud interviews to judge their use of
selected problem-solving processes.
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Snsion A-I5

THE ROLE OF SPATIAL ABILITY AND ACHIEVEMENT
IN ORGANIC CHEMISTRY

Jeffrey R. Pribyl
Purdue University

Department of Chemistry
West Lafayette, IN 47907

George M. Sodner
Purdue University

Department of Chemistry
West Lafayette, IN 47907

ABSTRACT

The purpose of this study was to investigate the role thatspatial ability has in achievement in organic chemistry. Spatialability for this study was defined as containing two subfactors:Spatial Visualization and Spatial Orientation. SpatialVisualization is the ability to mentally manipulate pictoriallypresented stimuli. Involved,in the processes of manipulaton arethe abilities of recognition, retention, and recall of aconfiguration in which there is movement among the internal parts.Spatial Orientation is the ability to remain unconfused bychanging orientations in which a configuration may be presented:Spatial Orientation was measured using the Purdue Visualization ofRotations Test and Spatial Visualization was measured using theFind a Shape Puzzle. Achievement was measured by students' examscores in an organic chemistry course. The course used was CHEN257, a course designed for nonscience majors, particularly forthose students in agriculture and health sciences. Scores on theScholastic Aptitude Test, SAT, were used as covariates.

Both the analysis of variance and the analysis of
covariance suq4e$t that there is a difference between the meanexam score for the spatial groups. For CHEM 257, the low spatial
group scored significantly lower than the hign spatial group onthe organic exams.

Also looked at were the similarities and differences
between the work of the high and the low spatial students. Thehigh spatial students made more use of drawings than the lowspatial students on questions that asked for drawings and also onquestions that did not ask specifically for drawings. It was alsofound that students, regardless of spatial ability, who drewpictures scored higher on the exams.
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Session A -15

SPATIAL ABILITY IN GENERAL CIICMISTRY

Carolyn Carter
Purdue University

Department of Che'listry
West Lafayette, IN 47906

Annette LaRussa
Purdue University

Department of Chemistry
West Lafayette, IN 479C6

George M. Bodner
Purdue University

Department of Chemistry
West Lafayette, IN 47906

ABSTRACT

This study examined thp relationship between spatial skills
and achievement in college general chemistry coursework.
Preliminary work by McMillen and Bodner has shown significant
correlations between level of npatial visualization and
orientation ability and success in a chemistry course designed for

science and engineering majors. The present study is an in -depth
replication of MciIillen's work with two groups of students (N
approx. 1600) of science and engineering majors enrolled in a
first semester general chemistry course. We also extended the
study to a lower-level general chemistry course of about 800
students. This second course, designed for agriculture and
nursing majors, was studied in order to determine whether spatial
skills would be a more effective predictor of success in a
.chemistry course where lower levels of performance are expected,
but also where student ability levels are generally lower. Sex
ditferences in spatial ability and possible interactions between
sex, spatial ability and chemistry achievement are also examined.
Implications of the study for teaching science are discussed in
relationship to recent data on the trainability of spatial skills.
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COGNITLUE RESTRUCTURING AS A FIRST STEP IN PROSLIA4 SOLVING

George M. Bodner
Perdue University

Department of Chemistry
West Lafayette, `'IN 47907

Theresa L. U. McMillen
Purdue University

Department of Chemistry
West Lafayette, It3 479137

ABSTRACT

Chemists have bemoaned for years their students' inability
to solve problems in introductory chemistry courses. Howevcr, sr
least part of this inability must be attributed to the fact that
chemists have historically tried to teach their studeNts to solve
problems by doing nothing more than working examples.

In recent years, chemists have begun to( realize the
importance of qe--ral strategies or heuristics' in problem solving,
and they have become particularly enthralled with the "road maps
approach to problem solving. There is abundant evidence however,
that students who understand the road map approach to problem
solving all too often still cannot solve "simple" stoichiometryprobleMs.

4

The hypothesis behind the research discussed in this paper
is the assumption that there is a preliminary sylge in problem
solving which most chemists have neglected. During this
preliminary stage, relevant information is disembedded and the,problem is restructured. Until this stage is successfully

-completed, the student cannot proceed on to the analytic stagewhich the read map( euristic can be applied.

Preliminary evidence supporting this hypothesis will be
presented which suggests that there is a linear correlation
between the students' ability to handle disenbedding and cogpitive
restructuring tasks in the spatial domain and their ability to
solve "simple" stoichiometry problems.
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AN EXPLORATION OF ELEMENTARY STUDENTS' SCIENCE ACHIEVEMENT AS
A FJNCTION OF LESSON STRUCTURE AND COGNITIVE STYLE

Larry D. Yore
University of Victoria
Faculty of Education

P. O. Box 1700
Victoria, British Columbia

CANADA V81. 2Y2

ABSTRACT

Educator:, have constantly attempted to develop teaching
strategies that complemented the learners' attributes to
effectively achieve desired learning outcomes. Recent studies
suggesteu that external lesson structure might compensate for the
lack of internal learner structure. Two sources of external
structure were considered, specifically teacher structure and
content structure. Teacher structure was expressed by the degree
of specific directions, instructions, procedures and organization.
Content structure is expressed by the nature of the science topic
being investigated, specifically descriptive science (biology) or
prescriptive science (physics). Since ,content structure is
rigidly connected to the science topic, it is difficult to. simply
explore the affect of content structure.

This study explored the effects of inquiry teaching/learn-
ing strategies varying in the degree of structure (a semi-
deductive mode: content structure + low teacher structure and a
teacher structured mode: content structure + high teacher
structure) and students with.different cognitive styles
(field-dependent and field-independent) on the res,alting science
achievement (knowledge about magnetism, knowledge about chemical
analysis and identification of chemical unknowns) of elementary
aichool children. Two inquiry presentations were developed for two
science topics; Magnets (EIS) and Myster Powders (ESS). One
presentation mode encouraged relotively free exploration, while
the second presentation mode provided a teacher-directed
investigation. Cognitive style was assessed,by the Group Embedded
Figures Test (GFFT), which described the students' cognitive
style, along a field-dependent/field-independent continuum.
liciehCe achievement was measured by teacher-made tests of
knowledge and application.

Analysis of data indicated significant (p < 0.05)
differences between cognitive styles favoring field- independent
student; and non-significant (p > 0.05) differences and
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interactions for lesson-structure and cognitive style by
lesson-structure.
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RELATIONSHIP AXIOUG FORILAL REASONING SKILLS, GENDER, AGE;
SCHOOL TYPE AND COGNITIVE LEARNING ABILITIES

OF ISRAELI SECONDARY SCHOOL STUDENTS

riChal Shemesh
Dept. of Education in Technology and Science
Technion, Israel Institute of Technology

Technion City, paifa 3200e
ISRAEL

Reuven Lazarowitz
Dept. of Education in Technology and Science

Israel Institute of Technology
Technion City, Haifa 32000

ISRAEL

ABSTRACT

A Video-Taped Group Test (VTGT) of formal tasks was used in
order to assess nigh school students' formal operational level and

out if there are any relationships between students'
tendencA study science subjects, their cognitive abilities and
their pert01,44pee on Piagetian-like formal tasks.

Thy sample consisted of 374 high school students from 7th
to 11th grade, with an approximately eeual number of boys and
girls, from urban and rural schools.

VA! MGT was content validated by science educators and
high school science teachers who obtained an inter-judges'
agreement of .93. In a pilot study with2;300 students, the
internal reliability analysis yielded a value of a .03. The
mean score from a scale of U to 22 points maximum, on VTGT, was
the dependent variable, and gender, age, school type, science
subject preferences,, and cognitive learning abilities served as
categories for the independent variables.

The mean scores on the VTGT were statistically treated )4 a
t-test, linear regression and three-way analysis of variance, by
the categories mentioned above.

The results show that differences in VTGT achievements
between boys and girls appear in the 7th and 8th grades and peak
at a significant level in the 9th and lath grades. It was also
found thaf boys and girls. use different cognitive abilities when
performing the VTGT (girls tend to rely on verbal ability while
buys relate titore to spatial cues). Gender was found to have a
MOIN effect on the variance of the VTGT mean scores, even when the
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differences Oh mathematical abilities were eliminated. "hile the
gender-age interaction Wd6 found tb have a significant effect,
school type Ab nut found to have any significant impact.

The findings of this study support the hypothesis that
girls and boys, at a certain age or grade level, do not master
formal operation skills to the same degree. Moreover, they tend
to use different cognitive learning abilities in dealing with
formal tasks. In addition, girls show a low preference rate for
science in general. This information can help curriculum
designers match the cognitive demands of the scientific concepts
learned with the cognitive development and abilities of the
students. In this way they can better meet the needs of both male
and female students.

53

73



Session A-16

lACTOMS INFLUENCINC HIGH SCHOOL STUDENTS' SCILNCE
ENROLLMENT PATTERNS: ACADEMIC ADILITILS,

PARLNTAL INFLUENCES, AND ATTITUDES
TOUARD SCIENCE

Chada A. Khoury
The University of Michigan
925 Church St., Apt #6
Ann Arbor, MI 48104

Burton E. Voss
School of Education

University of Michigan
Ann Arbor, NI 46109

ABSTRACT

Using a path analytic model, this study was designed to
assess the relative impact of different factors on science
concentration decisions made by high school students. Included in
the nodel were ,elected demographic and socioeconomic factors,.
acadeiflic abilities factors, indicators of home and school support,
attitudes toward science, and students' science enrollment plans.

The subjects were 237 tenth grade students in two schools
of a tiidwe:.t school system.

Two instruments were used co collect data related to the
selects.. factors. School records were used to obtain math and
science grades and the California Achievement Test scores from the
previous school year. Descriptive, :elaZional, model-fitting
analyl,es were used. The 'results indicated that students,
especiolly females and blacks, ter.ded to avoid advanced and
quantitative science courses. Student attitudes toward science
were low, especially their motivation and self-confidence in
learning science. Thou'gh they were higher achievers, females
expressed less enjoyment in learning science than did males.
Males, more than females, stereotyped science as a male domain.
Attitudes and past performance appeared to influence course plans
for both males and females. Among the attitudes, student
motivation and usefulness of science were the most important
predictors for course plans. The path analysis showed that males
and females differed in the order of importance and kinds of
factors that shape their concentration decisions. For males,
general achievement, motivation, and family climate were the most
important factors to influence course plans positively and
directly. In contrast, usefulness of science, general
achievement, and teacher support were the most important factors
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influencing tomale course plans. Eome environment contributed
more to male attitativi, toward science and consequently to science
concen.iation decisions.

The study suggested the following actions; improved
achievement in junior high school years shoull be emptasized;
teachers and parents should motivate and encoLrage students to
select more :,cience courses; and the unique value and usefulness
of each t;cience course should be'explained to students as early as
pori;ible. rurther research should examine, in a causal framework,
factors intluencing enrollment decline in specific areas, such as
a PNysical Science course designed for students taking advanced
senior course,i, Advanced Placement Chemistry, and other advanced
scienc cor.irse:;.
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EFFECTS OF COMPUTER-BASED DIAGN
NON-DIAGNOSTIC INSTRUCTIO1

ACHIEVEIIENT IN GENE

IC INSTRUCTION AND
N LABORATORY
SCIENCE

Danny L. McKenz e 1

University of South Carolina
Department of Instruction and teacher Education

Columbia, SC 29206

Sally Karnau
Southwest Texas State University

Biology Department
San' Marcos, TX 786§6

ABSTRACT

This study was conducted to assess the effects of computer -
based testing on laboratory achievement in a colleger
level general science course. Ninety-one preservice elementary
teachers enrolled in four laboratory sections of general science
were available for study. Intact classes were randomly assigned
to one of two treatment groups. Only one'instructor was employed
in the study.

All subjects completed the same laboratory activities
during a seven week period. Subjects in treatment group one
( diagnostic group) were then provided access to a 22 item,
multi, le choice, computer-based diagnostic test. Upon'completion
of the rest, a summary of the subjects' performance on various
course ,Hectives was provided. Therefore, subjects in this group
were able to diagnose their own dericieL7ies in the laboratory
portion of the course. Subjects in treatment group two (non-
diagnostic) did not have access to the diagnostic test.

Following treatment all subjects were administered a
teacher -made laboratory examination. Subjects in the diagnostic
group also completed a brief attitude survey designed to assess
the perceived usefulness of the diagnostic test.

Results from this study indicate that students provided
with diagnostic instruction did not perform significantly better
than the contrast group on the laboratory examination. Perhaps
the lack of achievement difference can be attributed to the format
of the diagnostic test. The test did not provide students with
immediate feedback concerning their performance on each item, but
only with a summary after completing the entire test.
Approximately one half of the subjects in the diagnostic group
reported the test could be improved by providing answers to the
que5tions that" they missed. Results ')f the attitude survey
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suggest that c.tudentu believe the diagnostic test was helpful in
preparing from the laboratory exam. In addition, subjects report
the testtng.prucedure should be a regular part of the course.
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LEARNING OUTCOUES OF COnPUTER PROGRAMING INSTEUCTION
FOR flIDDLE-CEADE STUDENTS: A PILOT STUDY

F. Gerald'Oillashaw
Bradley University

Department of Elementary and Secondary Education
Peoria, IL 61-625

Samuel R. Bell
Bradley University

Department of Elementary and Secondary Education
Peoria, IL 61625

ABSTRACT

This study investigated the effect on the growth of logical
thinking skills of middle-grades students, when taught computer
programming using the BASIC language. A quasi-experimental design
was used with 36 students randomly selected and assigned to one of
two treatment groups: 18 students received no instruction in
programming (the comOritIon group) and 18 students received
programming instruction for 10 weeks (the experimental group).
The Test of Logical Thinking (TOLT) was used as a pretest and
posttest measure of logical thinking skills. The posttest scores
were analyzed using analysis of covariance procedures with the
pretest TOLT scores as the covariate. The results indicate no
significant differences level of logical thought at p .10 (F
- 2.52, p .12).
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THE EFFECTIVENESS or A COMPUTER-ASSISTED-INSTRUCTION PACKAGE.
IN SUPPLEMENTING TEACHING OF SELECTED CONCEPTS IN HIGH

SCHOOL CHEMISTRY: URITING FORIIULAS AND BALANCING
CHEMICAL EQUATIONS

Camille L. Uainwright
Mounds Park Academy

2051 Test Larpenteur Avenue
St. Paul, MN 66109

ABSTRACT

In this study, the use of a commercial microcomputer
software package was evaluated as. a supplement to traditional
Jn6truction irk general chemistry classes in a suburban high
school. The unit of study during the experimental period
consisted of writing and naming formulas, and balancing chemical
equations. The experimental group received drill, review and
reinforcement by using tht microcomputer for lessons three days
each week for a three week period. The control group used
conventional paper-and-pencil worksheets for their, lessons; all
exercises on the worksheets had been generated by the computer
software and were consistent between treatment groups in content,
diversity and.difficulty level.

The results of the study are summarized below by research
question:

1. In supplementing traditional instruction in selected
chemistry topics, do the attributes of microcomputer
materials contribute to effective learning as measured
by an achievement test?

In this study, the use of the microcomputer materials did
not contribute to more effective learning on the selected topics;
the control group students' scores were significantly higher on
the'achievement test than the CAI group mean.

2. Among chemistry student' of differing levels of
cognitive development, is CAI an effective supple-
ment to traditional instruction?'

Based on suggestions in some research literature that CAI
may be especially effective for students of low cognitive
development levels, achievement scores were analyzed 'etween
non-formal and formal operational students, as measured by
Lawson's Classroom Test of Formal Operations. No significant
interactions were found to favor either CAI or the control
activity for students of differing cognitive levels.
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3. As a result of using CAI in it. S. chemistry, do
stodntu have a more positive attitude toward
computers., chemistry, and computer-assisted
Instruction?

In measuring attitudes toward computer*, differential
treatment effects were discovered between males and females as
indirateo tag an interaction between treatment and gender. Females
displayed attitudes toward computers that were nearly identical
regardless of treatment group. Nales' attitudes, however, were
far more favorable toward computers in the experimental (CAI)
group; especially favorable were males' attitude toward the use of
CAI in chemistry instruction.

In an analysis of attitudes toward chemistry, females'
attitudes were more favorable it the ,control (non-CAI) group;
moles' attitudes toward .chemisti( wore essentially the same
between treatment groups.

Other results reported included correlations of achievement
and aftective measures with demographic and other background
varlafles. A preliminary error analysis scheme is also presented
for determining source, of errors students make when learniKg to
write and name ,.chemical formulas.
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TILE ACHIEVE:I:ENT OF POOR VISUO-SPATIAL STUDENTS IN
INTRODUCTORY COLLEGE BIOLOGY

Thomas R. Lord
Uurlington County College

Pemberton-Drowns nills Road
Pemberton, NJ 08068

AUSTRACT

Educators involved with the troubled learner have found
that the addition of visuo-spatial exercises into the lesson often
leads to greater learning and greater motivation in students.
Indeed, it has been known for some time that classes, in the
sciences and tiatheraties require a modest level of spatial
accuracy if mastery of the material is to occur. It was the
intent of this study to find if students classed as poar in
visuo - spatial aptitude were truely at a disadvantage in the study
of introductory college biology.

One hundred and twenty colleq0 biology students were given
a series of standardized pencil and paper tests to judge their
visuo-spatial accuracy/. The tests included tasks for measuring
spatial orientation, visualization, and field dependency-
independency. Students falling more than one standard deviation
from the mean on any of the spatial tests were classified as low
in spatial aptitude and made up one group of the study. A second
group of students was randomly selected from the average and above,
average population. Consideration, however, was given to gender
to assure an identical male-female ratio with the poor spatial
group. A standard t statistic run on the test means verified a
significant difference in spatial aptitude between the two
populations.

The p7orly spatial population was subdivided into an
experimental and control segment to see if training on spatial'
exercises would have an effect on biology achievement. The planes
through soli° intervention, previously shown to suceessfully
develop visuo-spatial aptitude, was performed with the poorly
Spatial student_; in the experimental group.

A second version of each pretest was administered to all
the biology students at the end of the semester. The results of
the tC6ts indicate the poorly spatial students in the experimental
group had significantly increased their spatial awareness over the
semester. However, when the final grade in the biology course was
checked to see if increased spatial awareness had any effect on
academic achievement, nom:: could be found. The students in the
experimental group did nat receive a significantly better grade
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than their poor).' spatial peers. Overall, both groups of poorly
spatial student* rtceived grades at the lower end of the grading
scale. it is felt that -1f the study was carried over a longer
period of tOlie, diffetent results would be obtained. The studydoes reinforce the theory, however, that poor spatial aptitude is
a detriment to students in biology-
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AN'ASsOSS-111,N7 or TOL QUANTITATIVE SKILLS OF STUDLNTS
TAKING INTRODUCTORY COLLEGE BIOLOGY COURSES

Jeffrey Flake Marsh
North Carolina State Univer:,ity-

1U R $3, Box 317
Wadesboro, NC 28170

Noiman D. Anderson
North Carolina State University

Lox 7801 Poe 'Van
i:alei -h, NC 27696

ABSTRACT

The rvithematicai skills possessed by students taking
introductor college biology courses were investigated. A list of
23 mathematical competencies was identified as part of the
development of a 46-item multiple choice test to measure the
extent to which students possessed these competencies. The
Biomathematics Skills'Test (BST) was adMinistered at the 4-eginning
and end of the 1983 fall semester to students in introductory
biology courses for scicnce majors (BS 100) anCvnonscence majors
(OS 105) at North Carolina State University. Eight hundred and
four ,,students took the pretest, but only 354 took the posttest. I"

The overall average for the pretest was70% for BS 100 students
and 65% for OS 105 students.

The relationships between the mathematical skills possessed
by students at the beginning of the semester as shown by the BST
pretest and 15 variables dealing with .slected student
characteristics were examined. There were significantly pos4t;ve
correlations for 12 of 15 variables in the ease of 13S 100 pretest
scores and 11 in the case of BS 105. nales did significantly
better un the pretest than did femal's in the case of DS 100, but
there were no significant differences in the case of BS 105.
Whites did significantly better on the pretest than did blacks in
botecourses. Tiie means for a combined group of Hispanics,
Indians, and Asians were not significantly different than for
whites, but were higher than for blacks in BS 100.

The type of biology course (BS 100 or BS 105) taken was
found to be significantly related.to BST performance. The
variable of taking or not taking a mathematics or statistics
cours dui.ng the semester was not significantly related to BST
performance.

The BST pretest and seven ott%?.r variables were used to
determine the best prPoictors of success for the two biology
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courk.es. SAT-Mattiematies, SAT-VerLal, High School Grade Point
Averaqv, Age, and isST pretest were significantly predictors of
success in SS 1W0. HS 105. predictors were High School Grade Point
Average aria HST pretest.
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muicTioN 01, ATTRITION Anotx MALE AND ITMALL COLLEGE BIOLOGY
MAJpes USING SPECIFIC ATTITUDINAL, SOCIO-CULTURAL, AND

TRADITIONAL PREDICTIVE VARIABLES

Marsha Lakes Matyas
Purdue University

Departments of Biological Sciences and Education
Chemistry 216

best Lafayette, IN 47907

Jane Butler Kahle
Purdue University

Departments of Diological Sciences and Education
Chemistry 221

Vest Lafayette, IN 479l7

ABSTRACT

Although the proportion of college life sciences degrees
earned by women is increasing, women remain underrepresented in
the life sciences' labor force. A contributing factor in this
underrepresentation is the difference in male and female attrition
rates from undergraduate life science degree programs. Currently,
attrition rates are considerably higher for females than for
males, even accounting for academic performance. Consequently,
the pool of potential scientists is losing proportionately more
academically-capable young women than young men. It has been
hypothesized that, since traditi:mal ability measures spch as
grade point averages and SAT sot.res do not predict attrition as
accurately for females as for males, additional factors, must
affect science attrition among young women. This study used
attitudinal and socio-cultural variables as well as traditional
variables to predict attrition from biology majors during the
Undergraduate years. Specifically, measures of science attitudes
(including confidence, ,teacher attitudes, peer attitudes, and
parental attitudes), science anxiety, causal attributions for
success and failure in science, participation in extracurricular
science activities, perceptions of future family/ career
conflicts, and experience with science role models were assessed
in addition to traditional predictive variables.

Students in four biology courses representing all four
years of undergraduate work (freshman, sophomore, junior, and
senior) completed a battery of instruments. Students received
surveys during regular class hours throughout the semester and
were allowed to complete response sheets at home. Bonus points in
the biology courses were awarded foz-each completed survey; a
return rate of 93% was obtained. The student sample was monitored
for one calendar year. Attrition from biology majors was recorded
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when ;,tudenta offici ally tiled a request to change their major
With the univer:,ity.

Data were analyzed by due of ANGVA and discriminant and
multiple regression analyses. In general, male and female
students responded differently to some of the attitudinal and
socio-cultural measures as did students In the four college -year
cwwl., (freshman, eophomorer, junior, and senior) . Furthermore,
tramp attitudinal anti socio-cultural measures made significant
contrit'utiont; to the prediction of attrition among undergraduate
biology mu,jotu. :;eparate ceyrssfunt. for male and female students
indicated that different factors may be imvortant for retainirh
young women and young nen in Giology mujort: the
relative irTortar,ce of each of the measured variables in
prediting at was determined so that the most important
factor,, could t,e targeted for intervention programs.
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APPLYING ROLL Tili:OitY ANU A CUL;URAL rvIn:. TO UNDERSTANDING
TEACHER CHANGE, IN TUE IMPLEMENTATION OF A MEW'

SCILNCL CURRICULUM

Margaret S. Gremli
Michigan State University

1413 Hume Heights
Singapore 2159

Republic:. of Singapore

ABSTRACT

The study examined the extent to which p new,
rnguiry-based, guided-discovery science curriculum implied change
in normative role and role relationships of teachers and students
and the extent to which change in role behaviors was evident
during the year immediately following implementation.
Concomitantly, the study was concerned with identifying parameters
in the research setting and in the implementation process that
contributed in a positive or negative way to accomplishing the
kinds of changes implicit in the new program.

A long-term, case study approach was used involving
extensive observations in classrooms of five cooperating teacher's.
Observations were undertaken at predetermined intervals during the
year prior to as well as the year follow1ng implementation of the
new program. Observations were also carried out during the
teacher inservice program designed to orient teachers to the new
program and an analysis was made. of pertinent qualities of the
curriculum materials. Focused interviews with key personnel in
the implementation process vizi administrators from the Ministry
of Education,sinservice trainers, and curriculum writers provided
additional data.

The research findings indicated that, although change in
role and role relationships was central to the faithful
implementation of the new program, there was little evidence of
Lharlye during the year immediately following implementation. Lack
of chanr, appeared to be linked with t,,e fact that dimensions of
role an tile relationships were largely unaccounted for in the
channels of communication that existed for teachers to learn.aboUt
the new roles expected of them. Hence, teachers had neither
opportunities to observe and reflect upon, nor opportunities to
at;sume and practice the kind of roles axiomatic to inquiry
teaching prior to implementing the new curriculum in their
classrooms.

Lack of role change also appeared to be linked with teacher
perceived constraints which governed prevaililig classroom
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practice:.. IneL,e constraints encompassed dimensions. of the
reaearch t.etting viz: the large class sizes, students' limited
command of the Unglish language, and the examination oriented
nature of thy education system at school and national levels.
Although the parameters of the research betting did not relate
to the new :cience program per se, they remained unaltered by the
curriculum chan,:e effort and therefore continued to he a
predk.minating influenco on t_he way in which the teachers perceived
and actvd nut their teacp4-fig roles.
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PRESSURES roll Rr.ro A (AS! STUDY or THE
ANTECEDENTS OF TIP.: CURRENT "CRISIS"

P. James Caskell
raculty of Education

Univetsity of British Columbia
2125 Cain flail

Vancouver, British Columbia
CANADA 1/6T 1Z5

Patricia n. Rowell
University of British Columbia
Vancouver, British Columbia

CANADA Vs.' 1Z5

ABSTRArT

A perspective of current efforts at curriculum reform in
science education is gained through a socio-historical case study
of the events leading to the establishssnt of a physics revision
committee in British Columbia in 1978. As a result of this
committee, a PSSC based curriculum introduced in 1964 was replaced
by one which gave greater emphasis to the social context of ss,

physics. Data are drawn from public and private sources of
documents and from interviews with key actors., The data have been
interpreted using,'as a starting point, Goodson's model of
influence of schobl subject communities on the making of
curriculum. This model focuses on the way a community acts to
protect and enhance its resources, territory and status.
Discontinuities were found between the types of concerns expressed
by teachers and the nature of the curriculum change authorized.

Teachers' concerns centered on achieving a course suitable
for a wider range students but retaining a traditional academic
definition of school science. The introduction of a social
context goal is thus seen as an anomaly -to be explained. The
ability of the science teachers' associatiol to' influence
curriculum construction Is constrained by its difficulties in
obtaining information, achieving formal representation on
committees and controlling agendas for discussio,G. Comparisons
are drawn with the process of curriculum revisidn that took place
in the early 60's. Implications for current efforts at curriculum
reform arf discussed.
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PARLNTAL INFLUENCE ON .THE MATH ACHIEVEMENT OF GIFTED
CAUCASIAN AND ASIAN CHILUREk

James R. Campbell
St. John's University

Grand Central and Utopia Parkways
Jamaica, NI' 11439

ABSTRACT

Why are there so few female scientists, engineers, and
mathem4..clans in the United States? Many researchers feel that
this gender gap 16 due to socialization. Thi$ study examined the
influence of parents on 339 gifted Asian and 354 gifted Caucasian
children. Do the Asians socialize, heir daUghters differently.
than do the Caucasians?

The results showed that The Asian parents did provide more
encouragement to their females to pursce interests in mathematics
than did the Caucasian parents. The gender gap was found to exist
only for the Caucasians. The author concluded that socialization
can be tjuitiully studied by examining students distinctly
different cultures.
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RELATING TEACHING DEHAVIOR AND CLASSROOM CLIMATE
TO CHANGES IN STUDENT.0 CONCEPTIONS OF THE

NATURE OF SCIENCE

Norman G. Lederliian
State University of New York at Albany

Department of Teacher Education
Albany, NY 12222

ALSTRACT

An udquute understanding of the nature of science has
ptrsistud ae a learning objective for secondary school science
students. for over three decades, Furthermore, this desired
outcome is presentle considered to be one of the primary
attributes of the scientifically literate individual.
Unfortunetel,y, little is known about how the science teacher may
promote adequate conceptions of science in his/her students. The
purpolw ut this study was to determine which classroom variables
are related to changes in students' conceptions of the nature of
scientific knowledge.

Eighteen high school biology teachess/classrooms.ware
compared with respect to students' conceptual changes on six
aepecte (i.e., amoral., creative, tentative, testable,
parsimonious, unified) of the nature of science as measured by the
nature of scientific knowledge scale (NSKS). In addition,
comparisons of overall student"changes were performed.

Thirty classroom variables significantly (p < .05)
differentiated between the "high" group of teachers/classrooms
(i.e.,, those exhibiting the largest student change) and the "low"
group of teacherit/classrooM (i.e., those exhibiting minimal
student change) on at least five aspects of the nature of science.
In general, teachers/classroom in the "high" group were typified
by frequent inquiry- oriented questioning, little emphasis on rote
memory, decreased seat work, and increased emphasis on depth
breadth, and accuracy of subject matter. In addition, teachers in
these classrooms were more pleasant, supportive, and had
established better rapport than those of the "low" group.
Finally, implicit references to the nature of science were more
commonly tound In the "high" q

Lleven additional variables were found to differentiate
between "high" and "low" teacher/classrooms on less than three
subscales of the NSES: These classroom variables were considered
to be scale - specific and their analysts provided some provocative
results. ('or example, explicit teacher comments concerning the
unified nature of scientific knowledge were significantly (p <
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' .05) mukeccotmon to the "low" group on.the NSKS unified subscale.
Discussion of the arlbtrary nature of specific constructs -in
science was significantly (p < .45) more common to the "low" group
oh the testable subscale. Extensive analysis of classroom
transcripts provided explanatory data for each of the scale-
specific classroom variables that were identified.
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Session A-21

T111 EflPhiSIS ON SCIEN iric ITERACY IN
NICE =Ob SCIENC INS UCTION

Larry P. 0 tlirie
Far t;est Laborat,,ry for Educntioral Desearch and Development

1855 Folsom ;street
n Francisco, CA 94103

Constance LevEihthal
Far 1:est laboratory for Educational Research and Development

lAp5 Folsom Street
S n Francisco, CA .94103

ADSTPACT

The purpose ot.th s study was to investigate the ways in
which aSpects of scientific literaci were included in secondary

i nchuol bcivricv ins trUepiOn for students at different levels and
with different interests. The degree to which scientific literacy
WJz; a focus and the pe spective teachers n it as a goal were also

This study is part of a two-y ar multi-site case study
i'

concerns.
investigation of the crganization and em hasis of science prograMs
in a sample oi six hi h. schools. The u erall approach of the
study has been clualit tive in nature. lethods included both
observations and interview,, as well a a questionnaire. A total
of 59 classrooms and wide range of c urses were included.

J '
Findings showed hat, while they were exceptions, many

teachers interviewed "uring the study had only slight familiarity
with the term scienti is literacy, ard had paid little attention
to the national debat' on the issue. In a survey of instructional
goals, most teachers mphasized science facts and scientific
method in their cours s, regardless f the level or interests of
the students - enrolled. Quantitativ ssessment of time use during
instruction .atiowed that, in general very small percentage of
time was devoted to as ects of sci, ti is literacy. Narrative
descriptions of classr om instruct' n evealed that these often
were peripheral to the main topic o tre lesson and were discussed
in asides or anecdotes. Certain teache s, however, made fostering
scientific literacy an nteigral pa/tt o their instruction.

:7
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cession A-21
1

,RELATIONSEIP OF TEACHERS* USE Ot; scluNTtrIc LITERACY AND
GENERAL TEACHING SKILLS TO STV ENTS ATTITUDES AND

ACADEEIC GROWTH IN LIFE sclEig:L

Alexis E. IliOn
Far, 'hest Laboratory for Educational Research and Development

1855 Folsom Street
San Francisco, CA 94103

John R. Hergendoller
Vat it Laboratory for Educational Research and Development

1855 Folsom Street
San Francisco, CA, 94103

Nartin J. Packer,
Far 'Rest LaboratOry for Educational Research'and Development

1855 Folsom Street
San Francisco, CA 94103

ABSTRACT

ghat, if any, combination of teacher effectivene,ss and
scientific literacy skills relate to student growth on a range of
1.7ience. outcomes? To answer this, 7th-graders in 1,1 life science

1
. classes; comple ed pre- and post-batteries of science measures.,

II,. Observers vi ii ed each Class during the entire presentation of twoxopics made dutailednarratives; in 'addition, they recorded
teacher-' time Use and rated each teacher on a numbet of generic
skills.' Initial results show overall decline in students'
attitudes but growth on cognitiVe measures, with considerable
variati among classes. This study will attempt to identify
variable that relate to this differential growth by means of
having s veral sOurces of quantitative and qualitative teacher
data. r rttermore, a compafison of the importance of licientific
literacy" versus "generic effectiveness" teacher behaviO4s is
possible,Iand may thus contribute to ou. methodological and
substatis.4 understanding of research on to thing in specific
subject re\ lms. In any case,, the resulP.4 of this study should
point to to kinds of areas where concentrated teacher education
efforts can.c

\
contribute to the revitPhization of science

instructiow,



Sesiion

ainITTEn GRAPHICS AND ANIflATICN IN TESTING

Michael. E. Hale
University of Georgia

Department of Science Education
Athens, CA 30602

James R. Ukey
University of Georgia

Department of Science Education
Athens, CA 30602

AESTPACT

The graphic* and animation capabilities of computers offer
a new dimension in testing. Results from paper and pencil tests
may not retlect true ability because of reading comprehension or
visualizatio14 prohlems. Computersocan present simulated actions
and events that are the focus of test questions. The computer
animated quettions should then be mote like learning situations,
and the real lite situations to which learning is applied.

rrf

In this study middle school students completed,eithe a
paper and pencil or computer presented test of problem solving
skills. Reading comprehension and visualization ability scores
were also obtained. Interviews were conducted td assess the
students' ability to comprehend test items. Analysis of the data
showed no difference in test scores for the two groups -- a
finding contrary to that in other studies using picture-enhanced
prilted tests. Visualization had no effect on the scores of
either test type. The'interview data showed no difference in
student comprehension of ,the items.

Relatively low reading ability may have been a major
contributor to the lack of an experimental effect in this study.
Students had to read the interrogative portion of test questions
even though the problem situation was dynamically presented with
computer graphics and animation. Familiar problem contexts may
also have contributed to the no difference result. Students were
familiar with objects and events depicted in the items. The use
of common experiences may dilute the visual effect of the computer
graphics.
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Session B-1

'me DEVELOPMENT or A TEST OF BASIC PR(1CLSS'''
SKILL6 IN SCIENCE

Linda L. Cronin
. Unive'tsity of Georgia

Department of Science Education,
kAthens, GA 3(3602

Meghan M. Twiest
Bibb County Public Schools

Macon, kiA 31213

Michael J. Padilla
University of Georgia

Department of Science rducation
Athens, GA 30602

ABSTRACT

The ob)uctive of this project was to develop a reliable
multiple choice test of six basic science process skills
appropliate for students from grades three to eight Cases 9 to
14). Most instruments now available focus on measuring all
science process skillS and/oc were created for use with teachers.
In recent years Dillashaw and Okey created A valid and reliable
test of integrated science process skills intended for use with
students in middle and secondary schools. No such instrument is
available for measuring the 'basic science process skills, however.
'Therefore, this tosearch is en effort to develop such an
instrument.

In light of this need, the investigators began to develop
the Test of Basic Process Skills in Science (BAPS). The following
criteria were outlined for the test:

1. An emphasis on the six most widely used basic science
process skills, i.e. observation, inference, predic-
tion, measurement, communication and classification;

2. A multiple choice, four option, format;

3. An emphasis on using pictures and drawings to clarify
and enhance items;

4. An average test readability below, the:fourth grade
level;
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5. Test length that permits eagyietion within one class
period (45 minutes or less);

0

6. A wide range of difficulty of items addressing each
p:ocess skill, and;

7. Content free test items.
a

Objectives for each of the six basic process skills were
written and refined. These objectives were reviewed by several_
experienced science educate-- lnd found to be valid
representations of the anti skills. Multiple choice items
weir: written for each skill roblem content was chosen so as to
be appropriate for elementary and middle grade students. All
items were subjected to a readability analysis. An -.verage index
of 3.95 was obtained. The resulting 16 item test was submitted to
a panel of four science educators to determine content validity
The results showed strong evidence of content validity.

One hundred and thirty-three 4th, 6th and.8th grade
students were administered the BAPS test. The purposes of this
test administration were to establish test reliability and to
compute item difficulty and discrimination indices to aid in
further test revision. Scores ranged from 4 to 33 correct (X '
22.4, S.D. 5.3). The overall reliability (X14-20) of DAPS was
.78. Item difficulties averaged .62. Point biserial correlations
(discrimination index) showed 30 of 36 items'above .20, with an
average value of .34. All incorrect alternatives had point
biserial correlations in the Zero or negative range.

The present version of'8APS was shown to be a reliable and
content -valid test of six basic science process skills appropriate
for use with fourth through eighth graders. 'rest revision
continues; it is hoped that for the revised second version of the
test,all test items will show improved indices.

S
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Session 0-1

DEVELOPMENT AND VALIDATION OF ESSENTIAL COMPUTER LITERACY
COMPETENCIES (OR SCUNCE TEACHERS

James D. Ellis
The Colorado College
1115 N. Cascade Avenue

Colorado Springs, CO 88,982

Paul J. Kuerbis
The Colorado College

Colorado Springs, CO 88983 .

ABSTRACT

This study uses a five step process to establith and
validate the essential computer literacy competencies for science
teachers (K-12). That rigorous procedure will produce a concise
list of competencies that are not only representative of the broad
field of computer literacy skills but which also have been
condensed to those competencies that are essential for teachers.

The essential computer literacy competencies for science
teachers, developed in this study, be used to develop a test
for measuring the computer literacy of science teachers, and to
develop is. curriculum for training science teachers to use the
computer. The test and curriculum for training science teachers
will facilitate Ifie successful implementation of educational
computing.
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Session 0-2

TUE MOLE Or TARGET STUDENTO IN TUE. SCIENCE CLASs10011-'

Kenneth Tobin,
Uestern Australian Institute of Technology

Kent Street, Bentley 6182
Western Australia

Jaime Gallagher
Michigan State University
east Lansing, MI 48824:

ABSTUACT

The study was conducted in grades 8 to 12 in two Western,
Australian high schools. Teacher a frequently taught to the class
as a whole and evolved students through their answers to
questions. The whole class setting seemed to allow teachers to
manage the pace and type of activities and the type of student
engagement so that the planned work was complcted. As a
consequence, teachers taught in a whole class interactive Mode for
a significant proportion of the time and tended to interact with
target students who could provide the,required responses to key
questions or directions. Non-target students were not involved to
a noticeable extent in interactions designed to stimulate thinking
Or to provide a bridge to a new content area.

Two types of target student were distinguished: the
student who actively participated in.olassroom interactions in a
.self initiated manner: and the student who participated as a
consequence of being selected by the teacher. Theis two types of
target student corresponded to students with an internal locus of
control and to students with high formal reasoning ability
respectively. Compared to non-target students, 'target students
tended to perceive the learning environment in a more favorable
manner. There was also a tendency for target students to be male
rather than female in grades 0 to 10. This trend was not apparent
in grades l. 12.

Ie.
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Session S-2

RELATIONSHIPS OF ATTITUDE TOWARD CLASSROOM ENVIWNHENT
WITH ATTITUDE TOWARD AND ACHIEVEMENT 'IN SCIENCE

AMONG TENTH GRADE BIOLOGY STUDENTS

E. Lynn Talton
State Department of Education

Office of Research
1429 Senate Street

Columbia, SC 29201

Ronald D. Simpson
Office of Instructional Development

The University of Georgia
Attune, GA 30602

ABSTRACT

The classroom is the basic structural unit' of our
educational system. This environment is where a large number of
interactions occur among students, teachers, peers and curriculum.
These interactions%create an environment that affects both
attitudes and achievement of students. The purpose of the study
was to examine the relationship of classroom environment'to
attitudes toward science and achievement in science among tenth .

grade biology students.

Data were obtained from tenth grade - students in four senior
high schools. There were 1568 students enrolled in 70 biology
classes. Instruments were administered at three tics during the
school year to measure student attitudes loward science and the
classroom environment. The classroom environment measures
examined six areas: emotional climate of the science classroom,
Science curriculum, physical environment of the science classroom,
science teacher, other students in the 'science classroom, and
friends attitudes toward science. Student achievement in science
was measured by teacher reported semester grades.

The major findings'of the study were as follows: ,

1. Student attitu es toward the classroom environment
predicted bet en 56 to 611 of the variance in
attitudes tow rd science.

2. Student,attitiides toward the classroom environment
predicted bet men S to 141 of the variance in
achievesient i. science.
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3. Student attitudes toward science and attitudes toward
the clessrOom environment predicted between 8 and 18
of the achievement in science.

4. There was a weak positive relationship betwee9
attitudes toward science and achievement in science.
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Session B-2

USING-SHORT FORMS OF SEVERAL CLASSROOM CLIMATE
INSTRUMENTS TO ASSESS AND IMPROVE CLASSROOM

PSYCIIOSOCIAL ENVIRONMENT

Darrell L. Fisher
Tasmanian College of Advanced Education

W.A. I.T.
Bentley, Western Australia 6120

Barry J. Baser
Faculty of Education

W.A.I.T.
Bentley, Western Australia 6102

ABSTRACT

Despite international interest in research in the area of
classroom environment, very little attention has been given to
exploring how science educators might apply ideas from the field
of classroom environment in facilitating practical improvement: in
science classrooms. Techniques are propoSed for improving school
classroom environments by using student perceptions as a basis
for reflection upon, discussion of, and systematic attemptsto
improve classrooms. The baSic logic involves, first, using
assessments of ,tudent perceptions of both their actual and
preferred classroom environment to identify discrepancies between
the actual environment and that preferred by students and, second,
implementing strategies aimed at reducing existing discrepancies.

Practical constraints inhibiting science teachers' use of
classroom environment 6.saessments in duiding improvements in
classrooms include the lack of easy access to instruments and the
lack of economy of existing instruments in terms of testing and
scoring time. Consequently, in nrder to facilitate teachers' use
of classroom clirrwte assessments, we developed economical short
forms of the Classroom Environment Scale (CES), Individualized
Classroom Environment Questionnaire rfiffo, and fly Class Inventory
(MCI) whirl, contain only approximately 25 items each and Which are
amendable to easy hand scoring. When each instrument was
administered to samples of at least 100 science classes, results
supported each scale's internal consistency reliability,
discriminant validity, and agility to differentiate between the
perceptions of students in dIfferent classrooms.

The methods for improving classrooms are illustrated by
reporting three small-scale studies, one for each of the three .

instruments. For example, actual and preferred forms of the CES
were used by a teacher in an attempt to improve tht environment of
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his ninth grade science class consisting of 22 boys and girls of
mixed ability. The steps followed were: (1) assessment (the
actual and preferred forms were'administered),

( ) feedback (the
teacher considered profiles of mean class scores afIcria-rfied
actual-preferred thscrepancies), (3) reflection and discussion
(leading to a decision that, the teacher would attempt to increase
Teacher Support and Order and Organization), (4) intervention
(aimed at increasing these two aspects), and (5) reassessment
(readministration of classroom environment instruments in order to
detect any change:, in environment). An examination of Cl:S mean
score profiles for the teacher attempting improvements indicated
that some clear changes in classrbom environment had occurred
during the two months when the intervention was being tried. It
was found that significant improvements occiirrsed for the two
dimensions, and only the two dimensions, on wnich change was
attempted (i.e., Teacher Support, Order and Organization) .
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Session 13 -3

INTERRELATING GENERAL SCIENCE CONTENT: 1 FOCUS
roil THE MIDDLE SCHOOL

Linda Hamrick
The Canterbury School
5601 Covington Road

Fort Wayne, IN 46804

ABSTRACT

The intent of this study was to determine whether students
experiencing resequenced and overtly interrelated general, science
content with respect to clarifying content structure would exhibit
higher science achievement, more positive attitude toward science,
and greater interest in science when cohpared to a control group
of students experiencing the same content not resequenced.
Conclusions found in the literature of science education may be
interpreted to provide evidence that greater understanding and
retention of material is associated with bodies of knowledge whose
contents of subject matter are interrelated for learners. Data
were collected from 2143 sixth grade science studentsafter one
year by way of a standardized achievement test, and two
Likett-type instruments which measured the two affective
variables. statistical procedures included the t-test for
examining differences between the experimental and control groups.
The results indicated that students experiencing resequenced
general science content were significantly more positive in terms
of science achievement, attitudes toward science and interest in
science. The conclusion was formulated that establishing content
structure tnrougn resequencing chapters for general science
learners has positive effects on both cognitive and affective
aspects of learner performance. Implications for relating content
structure to Jcience classrooms, and curriculum and textbook
revision have been discussed.
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Session ii-3

COIU'REIIENSIVI: ANALYSIS OF THE TEACHING AND LEARNING
OF SCIENCE TOPICS: A RESEARCH PROGRAN FON SCIENCE EDUCATION

Edward L. Smith
Michigan State University

330 Erickson Hall
Fast Lansing, ni 48824

ABSTRACT

An emerging research program is described which focuses on
the teaching and learning of specific science topics by
coordinated analysis of curriculum materials, teachers' planning
and intentions, actual classroom instruction, and changes in
student knowledge. The program draws on recent advances in
cognitive science, philosophy of science, and
ethnographic-sociological studies of classrooms for both
theoretical perspectives and methodology.

Studies have shown that a majority of students often fail
to understand science topics' that they study and have elucidated
important factors contributing to this failure. In particular,
students Often bring with them naive conceptions of science topics
they study. Such naive conceptions lead them to interpret
instruction in ways that are not anticipated by teachers or make
it difficult for thorn o comprehend at all.

Several studies have reported very substantial gains in the
proportion of students coming to understand the topics taught when
instruction was based on information about likely student naive
conceptions and strategies designed to challenge them while
promoting scientific alternatives. Comparisons of more and less
successful instruction have led to the identification of features
of instruction which promote conceptual change and student
understanding.

Our interpretations of these studies is that the
substantial improvements in student learning could be attributed
primarily to teachers coming to view learning as involving a
change from naive to scientific conceptions and their acquisition
of topic-specific information about content, student naive
conceptions and teaching strategies for attacking them.

This interpretation of these important studies implies that
teacher education could contribute to substantial improvement in
student learning ty helping teachers develop conceptual change
views of learning and acquire and learn to use essential
topic-specific knowledge. Curriculum developers could contribute
by designing materials that help teachers develop conceptual
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change views of leiirning and provide topic-specific information it
./eful forms. All of this implies a need for research to build
the necessary knowledge base ante evaluate the various efforts.
The bottom line should be demonstrated improvement in student
learning, that is, in the proportion of students demonstrating
under:itanding of the science topics they study.
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Session 8-3

SCIENCE NW MATH ripsLARcn PROGRAMS
IN EXEMPLARY SCHOOLS

James R. Campbell
St. John's University

Grand Central i Utopia Parkways
Jamaica, NY 11439

Charlene Connolly
Mercer County Community College

F. O. Jox
Trenton, NJ 08690

AL'S TRACT

Many of the programs of exemplary schools have student
research programs in math or science. This study utilized
ob)ective criteria (Westinghouse and other national awards) to
isolate the most important components of student research programs
in a number of exemplary schools.

Data were collected from 137 schools, including a large
number of exemplary schOOls in the New York metropolitan region.

The results of the study showed that exemplary schools have
developed specialized programs to foster excellence in student
research. The key variables in these programs involve making,
contact with universities, isolating rsponSibility in a single
qualified teacher, and establishing contact with a technical
library.

The programs were found to be cost-effective and well
within the resources of most comprehensive high schools.

s.
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Session 13-4

AN .INTORNATIONAL CONSORTIUM FOR CONCEPT LEARNING
RESEARCH IN FOUR COUNTRIES (U.S.A., TRINIDAD

AND TOEACO, COSTA RICA, AND MEXICO)

Arthur L.White,,
The Ohio State University

252 Arps Hall
1945 North High Street
Columbus, 011 43210

Roland berty
University of Costa Rica

San Jose, Costa Rica, C.A.

Donna F. Uerlin
The Ohio State University

.Newark,' OH

Panels F. Abder
University of West Indies

Trinidad & Tobago, West Indies

Nadira Rahaman
ACJS - San Fernando

Trinidad & Tobago, West Indies

Pilar Vela
American School - Primary

Puebla, Mexico

ABSTRACT

Research in education is very much influenced by the
specific samples and conditions of the research. It twcomes
extremely important to have replication of research in order to
identify those findings which have stability and consequently the
generalizability needed to build a knowledge base. In order to
establish a broad base it is valuable, and perhaps necessary, to
have cooperative efforts in a variety of settings'to test the
hypotheses and the practical application of the theories.

The first level of cooperation at the university was
between the main campus faculty and the branch campus faculty.
This provided a broader base for sampling and a valuable ,

perspective for the needs and adjustments for experimental
procedures.
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In addition, cooperative efforts in the form of an
international consortium,have'been developed. The needs,
resources, and cultural differences of the institutions and their
representatives from Costa Rica, Trinidad and Tobago, and Mexico
provide opportunities for:

A. replication to establish new generalizations or
reaffirm previous onqs,

B. expansion of the generalizations to a broader
population,

C. identification of the differences in populations
and the relevance of the generalizations,

D. extension of the generalization to other modes, and

E. clarification of .ho concept of transition as a
part of cognitive develooment.,

0T ahis symposium will provide the opportunity for n

international perspective on the role of research in the
Improvement of science education in paeticular and education in
general. The representatives of each of the countries (Costa
Rica, Trinidad and Tobago, Mexico and the United States) will
discuss the following factors:

t. Coals and directions for science education
research in the c(lntry;

D. Needs and resources for effective science
education research in the country;

C. Role of a science education research consortium
in the improvement of the research program in
the country.

The current topic of research is the use of technology to
facilitate the transition of young children from concrete
understanding of concepts to abstract thought.
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Session B-5

WHAT RESEARCHERS SHOULD KNOW ABOUT
TEACHERS' PRACTICAL. KNOWLEDGE

Glen S. Aikenhead
University of Saskatchewan

Saskato'n, Saskatchewan, CANADA STN OWO

ABSTRACT

-When teachers make decisions on what to teach and how, to
teach at, they draw upon their past experiences, current
expectations and personal values. They do this explicitly Cr
implicitly within their own practical "paradigms."

In order for research to influence the improvement of
instruction, classroom teachers must hear and value the
researcher's messarm! Be0q neard and valued by teachers depends
upon the researcher's ability to communicate, or even collaborate,
within the teachers' Practical paradigms. A better understanding
of these practical knowledge paradigms could help researchers in
(1) formulating research problems, and/or (2) effectively
communicating research findings to teachers.

The symposium will not offer polemics, but rather will
share findings from empirical studies. Three presentations
provide a description of two different perspectives on teachers'
practical knowledge!: functional paradigms and narrative unities.
The first paper develops the notion of functional paradigm and
illustrates it with data from four different studies in elementary
and secondary schools. The second paper reports on an
investigation that explored the functional paradigms of high
school chemistry teachers. The third paper illuminates an
alternative view, narrative unities, and shows how this notion
serves to understand the events that occur in elementary school
classrooms. The presenters, university researchers and a
classroom teacher, will discuss these findings in terms of what
researchers should know about teachers' practiCal knowledge.
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Session D-7

TUE IV' .CT OF COMPUTER-BASED EDUCATION
ON STUDENT ACHILVEMEMT

Michael L. Waugh
Georgia Southern College
Statesboro, GA 30460

Russell H. Yeany Jr.
University of Georgia

Department of Science Education
Athens, CA 30602

James H. Okey
University of Georgia

Department of Science Education
Athens, GA 30602

ABSTRACT

The purpose of this symposium is to summarize what is
currently known about how Computer-Based Education (CBE)
influences student achievement, to outline projected directions
for future CBE research, and to describe selected research design
and data analysis techniques suitable frier answering questions
related to the effects of CBE omstudent achievement. Simply
defined, CBE is the use of computers to enhanoe learning. With
the introduction of the microcomputer, a variety of educational
applications for computers has been examined. Many of these
applications have been found ,to directly influence student
achievement. However, other applications have demonstrated little
or no influence on student ichievement.

Which educational applications of Computers have been found
to influence achievemeht? Which additional applications of
microcomputers might influence achievement? How can questions
like these be effectively researched in the schools? Answers to
these questions would directly influence how schools choose to
employ microcomputers in their curricula. However, lacking this
knowledge, schools will be unable to implement those CBE
applications which would be most beneficial to increasing student
achievement.
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Session D-8

ACTUAL AND PREFERRED CLASSROOM LEARNING ENVIRONMENT
AS PERCEIVED BY HIGH SCHOOL SCICNCE STUDENTS

Avi Hofstein
Department of Science Teaching

The Weizman Institute'of Science
Rehovot, ISRAEL

Reuven Lazarowitz
Department of Education in Technology and Science

11T Technion, Haifa 32000
ISRAEL

ABSTRACT

Studies in different countries have shown that students tend
to prefer a more positive learning environment than actually
eXilitS in their classrooms. The goals of this study were to
replicate these findings, in high school chemistry and biology
classrooms, and to compare students' perceptions of the'actual and
preferred !earning environment. Biology and chemistry subject
matter were selected since, while these topics are interrelated
regarding their content, they differ in the method of instruction \,
used in high schools in Israel. The actual and preferred versions
of the Learning Environment Inventory (LET) was administered to
11th grade biology (Ns400) , and chemistry (N1080) students. Thus
a total of 1480 high school students participated in this study.
Data were collected by a paper and pencil questionnaire, using a
Likert type scale. Students' mean scores were tested by a
multivariate analysis method. The results yielded significant
differences between biology and chemistry students' perceptions of
their actual and preferred learning environment of their
classroom. These differences are explained And discussed on the
basis of the different instructional methods used by chemistry and
biology teachers in their classrooms. The findings of this study
can serve future science curriculum developers as well as science
teachers in their classrooms.
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Session 11-8

AN IMPLEMFNTATION STUDY: AN ANALYSIS OF ELEUENTARY STUDENT AND
TEAttER ATTITUDES TOWARD SCIENCE IN PROCESS-APPROACH VS.

TRADITIONAL SCIENCE CLASSES

William C. Kyle, Jr.
The University of Texas at Arlington

Center for Professional Teacher Education
Box 19227

Arlington, TX 76019

Ronald J. Bonnstetter
Science Education Center
University of Nebraska

Lincoln, NE 68588

Detty Ann Fults
Division of Planning, Development and Evaluation

Richardson Independent School District
Richardson, TX 75081

ABSTRACT

During the 1982-83 academic year the Richardson Independent
School District (RISD) conducted audits to assess the status of
science education in the district. Such audits were in
anticipation of Texas House Bill 246 (TAC Chapter 75) which
requires an inquiry-oriented, process-approach to the teaching of,
science. In general, it was found that the process-approach was
not in wide usage by teachers in RISD. In response to those date,
RISD established the Elementary Science Pilot Project and adopted
the Science Curriculum Improvement Study ,(SCIIS) as part of the
new K-6 Science Through Discovery curriculum.

The overall goal of the Elementary Science Pilot Project is
to implement a science curriculum that emphasizes ingifiry-
oriented, process-approach science. Concomitant goals are to
broaden teacher knowledge so that curriculum development efforts
will be relevarit and to enhance teacher attitudes toward science.

one of the major objectives for 1983-84 was to evaluate the
effectiveness of the first year of a three year implementPtion.
plan. The present study assesses and analyzes the attitudes
toward science of the teachers and students in SCIIS classes
compared to teachers and students in non-SCIIS classes. The
student attitudinal data are arsn compared to national norms.
Significant attitudinal differences were noted between SCIIS and,
non-SCIIS students, while their teachers possessed similar
attitudes. Such data would appear to suggest that the nature of
process-approach science allows SCIIS teachers to portray a much
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more positive and exciting image of science and scientists.
Additional aspects of the total implementation plan will also be
discussed.
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Session L-8

A STUDY or THE IMPLEMENTATION or THE NATIONAL
BIOLOGY PROGRAM IN THAILAND

Robert E. James
Texas A 6 M University

Department of Ebel
College Station, TX 77042-4232

Prance Sunigkatawat
Bangkok, Thailand

ABSTRACT

The IPST Biology program was developed arid implemented
initially in Thailand in 1976, and is the national curriculum
which all biology teachers are to use. This study examined the
nature and extent of implementation of the program at the lath
grade level in Bangkok. The assessment strategies were developed
as part of the Concerns Based Adoption Model by the ,R S D Center
for Teacher Education at the University of Texas at Austin. These
included the Stages of Concerns (SoC), the Levels of Use (LoU) and
the Innovation Configuration (IC). The instruments were
translated and reliabilities (.90 or higher) established on a
test-retest analyses.

The SoC showed that teachers had intense informational and
personal concerns and unusually high refocusing concerns. The LoU
results showed that 17% were not using the program and 401 were
making changes in it. An estimated 80% expressed concern that
IPST Biology needed more content" in order to prepare students
for university entrance examinations. The SoC and LoU data
suggest that teachers were anxious about the content of the
program and want to move it away from the more global (science
literacy) goals toward the academic goals.

It appears that CBAM is a useful tool for understanding
implementation of programs in non-USA situations. Developers and
facilitators of curriculum should consider the change literature
in their work and the teacher variable should be considered in
curriculum design.
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Session B-9

THE PORTRAYAL OF EDUCATIONAL DIVERSITY WITHIN A LARGE-SCALE
STUDY OF SCIENCE CURRICULUM MANDATES, TRANSLATIONS,

AND OUTCOMES

F. Michael Connelly
Ontario Institute for Studies in Education

252 floor Street West
Toronto, CANADA H5S 1V6

Robert N. Crocker
Memorial University of Newfoundland

St. John's Newfoundland, CANADA AlB 3X8

Heidi Kass
The University of Alberta

Edmonton, Alberta
CANADA T6G 2G5

Dorothy flacKeracher
Ontario Institute for Studies in Education

252 Eloor Street West
Toronto, CANADA M5S IV6

ABSTRACT

The purpose of this paper set is twofold: 1) to report the
results of work carried out within the context of a large-scale
study of relationships among science curriculum mandates,
translations, and outcomes, and 2) to stimulate interest in the
examination and possible reconceptualization of current models of
the effects of schooling on student learning.

The proposed format consists of four closely related papers
presented by people working on the project. The first paper
presents an overview of the conceptual structure of the project
and makes problematic issues involved in conceptualizing the stud:
of curriculum translations and outcomes in a more holistic or
Context-embedded way,than is often suggested by linear
input-output models. The second paper addresses the study of
curricular diversity. An approach to the idgrit lication,
analysis, and protrayalof curriculum diversity :s described and
the results of its application to sets of twelve different
mandated curricula within each of elementary science, middle
school science, and senior high science are presented. The aiird
paper makes problematic the process by which the intended or
mandated curriculum is transformed by teachers. Teachers are
viewed as interprfting curriculum materials in an interactive
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manner within certain bounds established by what is referred to as
teacher functional paradigms.

The fourth papas describes influences of the curricular
.

contexts, the personal context, the instructional context as
created by the teacher, and the school environment as perceived by
the student, on student achievment patterns. Results are based on
a national saciple of over 22,000 students at the elementary,
Junior high, and senior high' levels.
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cession 4-14

AN INVESTIGATION or SEVERAL VARIAS.LLS INVOLVED IN
CHEMISTRY PROBLEM SOLVINC

Thomas 0. Cieenbowe
Huutheastern Massachttetts University

Departwent of Chemistry
N. Dartmouth, 11A /2747

J. Dudley Herren
Purdue University

Department of Chemistry
S:est Lafayette, IN 47947

ADSTRACT

:;access in solving science and mathematics problems evidently
depends upon-variables such.as content knowledge, level of
intellectual development, the use of heuristics, the ability to
construct an appropriate problem representation and the number of
errors committed that remain uncorrected. This study was an
effort to larn more about the effect of these and other variables-
On success in solving chemistry problems.

Thu subjects in this study were th-irty college chemistry
students and one college.chemistry professor. The subjects were
required to demonstrate proficiency in basic algebra, chemistry,
and cognitive skills as a prerequisite for solving the target
chemistry problems. The subjects individually solved chemica1,-
,itoichiowetry problems using tht think-aloud technique. Each
'..ssion was audio-recordeo for subsequent analysis of problem
solving techniques apd chemistry content.

Both written work and transcripts made from verbal reports
served as the data base. Analysis of the data was facilitated by
use of a coding form. A coding form was used by the judges
unalyzing the written work and transcripts.of each subject. A
high degree of inter and intra judge reliability on the use of the
coding form was demonstrated. Factor analysis, all possible
regressions, and the T-test were three statistical techniques
employedin the quantitative approach to data anlaysis.

Results of the statistical analyses indicate that the
following variables are important for successful chemistry problem
solving: correspondence in problem representation, coherence in
problem representation, connectedness in problem representation,
organization of written work, effective use of heuristics,
perSistence, and ability to correct errors that are committed
during the problem solving process.
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hesultS of the descriptive analysis indicate that successful
problem solvers were able to construct and use appropriate
representations. Unsuccessful problem solvers did not construct
an appropriate problem representation. Unsuccessful problem
solvers focused on inappropriate balanced equations and relied
heavily cd1 the use of algorithms.
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- Session V-10

OE EFFECT OF TASK CONTENT UPON PERPORTIONAL REASONING

Jose,jh Jesunathadas
Utah State University

Department of Secondary Education
Logan, UT r 84332

Walter L. Saunders
Utah State University

Department of Secondary Education
Logan, UT 84332

ASSTRACT

A long standing issue in cognitive psychology is the question
of content effects upon problem solving skills, i.e., do student's
problem solving abilities generalize across specific subject

.

matter domains? Although Piaget argued that formal reasoning
strategies are independent of content, the 'well known decolages of
Piaget can be interpreted as evidence that student's reasoning
skills or problem solving performance is influenced byAhe subject
matter content of the problem. Some researchers have suggested
that one's familiarity (prior knowledge) with the subject matter
domain influences one's level of problem solving performance.

This investigation reports the findings of a study of ninth
grade student's proportional reasoning ability with familiar
(naturalistic) and unfamiliar (high school science subject matter)
content. Proportional reasoning is defined conceptually. A test
is administered to about 100 ninth grade students and the results
are interpreted in terms of the issue of content effects upon
reasoning and problem solving.'

Suggestions for further research are described.
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Session C-10

THE LTrucTs OF TILE ABILITY TO ENCODE AND COMBINE
PROPOSITIONS ON TNE DEVELOPMENT OP

REPRESENTATIONS FUR PROBLEM SOLVING
IN GENETICS

Sandra Judith Costello
Rutgers The Graduate School of Education

Department of Science Education
10 Seminary Place

New Brunswick, NJ 08903

George Palirand
Rutgers The Graduate School of Education

Department of Science Education
10 Seminary Place

New Brunswick, NJ 0E903

ABSTRACT

The purpose of this pilot study was to propose and test a
model for the development of representations in genetics problem

T
solving and to determine the effect of the ability to enc e and
combine propositions on the development of representation for a
multihybrid cross problem. The model consists of differe t
representation systems and interrelationships among these systems.

' .

The tests used in this study were the multiple cross problem,
the Propositional Logical Test (PLT), and the Pieces task. The
PLT measures the ability to encode propositions while the Pieces
task measures both encoding and combining propositions.

This sample was obtained from.a two-year college in New York;
the students were enrolled in the second semester of a general
biology course. For this sample, the multihybrid cross problem
and the encoding and combining tasks proved to be very difficult.
Most subjects used some form of verifying strategy to work the PLT
and the Pieces tasks. The model provided an appropriate framework
in which responses to the multihybrid cross problem and the tasks
could be studied.
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Session N-11
o

THE RELATIVE EFFECTIVENESS or MICROTEACHING AND rIut'
EXPERIENCE ON PRFSEIVICE TEAChERS

flark R. nalone
Louisiana State University

Department of Curriculum and instruction
2230 Peabody Ball

Baton Rouge, LA 70803

P Barbara Strawitz
Louisiana State University

Department of Curriculum 'and Instructcion
223G Peabody. hall

Baton Rouge, LA 70803

ABSTRACT

This paper presents the results of a study designed to
determine whether preservice elementary teachers with a great dell
of previous-early field experience but no previous microteachinq
experience would benefit more from an additional science field
experience in the local school systems or from an alternative
science microteaching experience. Previous studies have shown how
both practioes independently are beneficial to pr2service teachers
but little previous work has been done ,c determine whether these
two methods interact or complement each other when combined in a
teacher training program. Subjects for the investigation were
enrolled in two sections of an elementary sc.ence methods 'course.
Subjects were randomly assigned to an experimental (microteaching)
group and a control (field experience) group.

At the end of the treatment, which lasted a full semester,
StudentS were evaluated on four outcome measures selected because
of common use in previous investigations in these fields. These
included teaching behaviors rated from video tapes made of all
students teaching a lesson at the end of the semester. Lessons
were rated on an instrument developed for this investigatiOn.
Other instruments included one to measure science process skills,
attitudes toward science and science teaching, and a measure of
student concerns about teaching science.

(lean differences on these research instruments were analyzed
by means of t-test procedures. ,Results showed that the
microteachinq group scored significantly better than the field
experience group on three of the five instruments used to measure
outcomes of the study. They scored significantly better on
measures of science teaching skills, attitudes toward science, and
science process skills: There were no significant differences
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between groups un MVOSUCL4 of attitudes toward teaching science or
un conceinL about teaching science.

The study concludes that integrating science microteaching
with field experience in undergraduate methods courses is superior
to field experience alone in deVeloping science teacher skills,
attitudes toward science, and science process skills than. The
lack of significant differences between groups ion the measures of
attitudes toward teaching science and science teacher concerns
indicates that tilese attitudes and concerns are at least not
negatively affected when field experience is somewhat decreased In
order to implement a microteaching program.

The study also suggests a need for further study of feedback
systems in Loth practice teaching methods. The need to determine '

an efficient balance between the amount of field experience and
microteaching utilized in undergraduate programs is also
discussed.
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Session

114t urtcTs OF TWO METHODS OF INSTRUCTION ON TUE ACQUISITION
AND RETENTION OF SCIENCE PROCESS SKILLS BY

PRESERV,ICE TEACHERS

BarbeTs n. Strawitz
Louisiana State University

Department of Curriculum and Instruction'
Baton Rougei LA 70803

Mark R. Malone
Louisiana Stte University CP

Department of Curriculum and Instruction
Baton Rouge, LA 70803

ABSTRACT

This study compared the effects of two methods of instruction
designed to teach_pses_er_e_ioe_elementary_temaimes_to_.acqux-eadd
retain integrated science process skills.

The subjects were 32 students who. were randomly assigned to
two sections of an undergraduate science methods course at a large
sc.ui,ern university during the 1984 spring semester. Students in
both sections participated in scfence,activities taught by the
instructors and in lessons presented by peers stressing integrated
process skills. Students were asked to stress proses- skills as
they taught small groups of elementary children dur-, the field
experience component of the course. In one section,

. Istruction
in the integrated process skills was provided by the teacher,
while, in the other section, instruction was provided by written
self-paced self-instruction materials.

A two - group, posttest- delayeq- posttest design was used.
Subjects uere-'administered process skill measures at the end of
the course and approximately five months later. Results of the#2
(treatment) X 2 (time) factorial ANOVA with repeated measures on
the time factor indicated a significant main effect for treatment
but not for time. There was no significant treatment X time
interaction. Pre-planned comparisons revealed that at the end of
the semester and five months later, students using the self-paced
instructional materials significantly outperformed students taught
process skills by an instructor (p < .002, p < .014).

The findings indicate that science process skill acquisition
can be enhanced by supplementing teacher instruction in process
skills with self-paced, self-instructional materials. It appears
that focusing attention on process skills and providing
opportunities for prospective teachers to plan and execute lessons
stressing process skills does not insure that they will learn
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those skilis. However, students who learn the skills seem to
retai_re them over a long period of time.

t
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Session b-11

AN EVALUATION OF TUE EFFECTS OF AN ENVIRONMENTAL IHV1,'STIGATION
COURSE ON TEACHER SCIENTIFIC KNOWLEDGE AND

SELF - CONCEPT

Roger W. Hamm
North Clayton Senior High School

1625 Norman Drive
College Park, GA 36349

ABSTRACT

An evaWation was conducted to provide the data required to
make judgements concerning the merits, worths, and shortcomings of
the Environmental Investigations program. The Environmental
Investigations program curriculum had been developed to train
science teachers. The curriculum was divided into a Camprig Phase
and a Fieldtrip Phase.

An ancillary problem investigated byothis study was to
validate a model illustrating proposed relationships between
scientific knowledge, self-concept, and attitudes toward science.

A formative evaluation was conducted during the planning and.
implementation phase of the Environtental Investigations program.
ThisJormative evaluation considered antecedent, transaction, and
outcome variables. A summative evaluation was conducted upon
completion of the program.

Data were collected in a pre-posttest design. The formal
instruments used in this study were: -Environments/ Scenec Test,
Tennessee Self-Concept Scale, Attitude Toward Science 56-3Y7770
Attitude Toward Teaching Science Scale. ,The informal instruments
used in this study included: Personal Information Form, student
journals, and final exam items. Addition0 data were collected
using a post-course mail survey.

The results of the analysis of the data indicated that the
Enviroamental Investigations curriculum was worthy of adoption.
This judgement was made based on results which included: increase
in scientific knowledge, increase in self-concept, and increased
attitudes toward science. Also, the mail survey indicated that
the activities and materials in the Environmental'InvestigationS
program were appropriate for use in the classroom. The results
indicated that scientific knowledge and self-concept are related
to science attitudes. The correlation between self-concept and
science attitudes were statistically significant. The posttest
data indicated that this correlation was strengthened by the
Environmental Investigations program.
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This study developed a useful model for the evaluation of
educational 1.rograms. This model cues not limit judgements
concerning program woith solely to increases in, student knowledge.
It also considers efficiency, effectiveness, an appropriateness
factors 'in judging program worth. The results of'this study alsp
support the proposed model for the relationships between
scientific knowledge, self-concept, and science attcitudes.

ti
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Session L-13

ACADEMIC TASKS IN SECONDARY SCIENCE CLASSROOMS

Walter Doyle
The University of Texas at Austin
R & D Center for Teacher Education

Education Annex 2.244
Austin, TX 70712

Julke'V. Sandford
Vie University of Texas at Austin.
R & D Center for Teacher Education

Education Annex 2.244
Bustin, TX 78712

71r, A. Schmidt French
The University of Texao at Austin
R & P Center for Teacher Education

Education Annex 2.244
Austin, TX 78712

ABSTRACT

This paper set contains a report of research that utilized an
academic task framework to examine learning experiences in
secondary science classes. Each paper presents findings, and
perspectives based on one or more science classes included in the
Managing Academic Tasks (OAT) Study, a study f cueing on the
intellectual oenands of academic work and the w s that work is
carried out in secondary classrooms.

The first paper, *Task Systems, Content, and eaning in
Secondary Classrooms," presents an overview of the heory,
methods, and findings of the MAT study. The actidem\c task systems
observed in two junior high,science classes are contrasted, and
several themes emerging from analyses of the junior high case
studies are discussed. In "Studying Genetics: A Cage Study of
Tasks and COntent in High School Biology," the author provides
further illustration of how the academic task model can provide
new perspectives on student learning opportunities and teaching in
science classes, Finally, "Academic Tasks and kw:larch in Science
Teaching" comAJers the utility of the academic tick model for
addressing some specific themes and enduring, problems of research
in science education.
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Session D-14

A PROFILE OF THE NEEDS AND concms OF ENGLISH SPEAKING
PUBLIC SECONDARY SCIENCE TEACHERS 11101; FIVE GEOGRAPHIC

REGIONS or Tur-ngpunic OF =Anon

Kamil Assaad Jbeily
The University of Texas at Austin
Science CduCation Center, EDB 340

Austin, TX 78712

James P. Darufaldi
The University of Texas at Austin
Sciennce Education Center, EDE 340

Austin, TX 78712

ABSTRACT

The purpose of this study was to identify the heeds and
concerns.of English speaking public secondary school physics,/
chemistry and biology teachers in the five geographic regions of
the Republic of Lebanon. Such needs and concerns ought .to.
constitute the essential and legitimate background /on which
designers of in- service programs should build different activities
that aim at renewing and updating the 'skills and knowleldge of
Lebanese science teachers. It is anticipated that this would
eventually lead to the improvement of science teaching in the
Republic of Lebanon.

A set of three questionnaires was used to conduct the study:
a demographic questionnaire, a modified version of the Moore
Assessment Profile (MAP), an instrument which had bein developed
to assess the needs of secondary science teachers, and the Teacher
Concerns Statement (TCS), an instrument that was based on the
Concerns-Based Adoption Model (CDA11) and developed by the Research
and Development Cent".. for Teacher Education of the University of
Texas at The study included all English speaking public
secondary school science teachers in the Republic of Lebanon.

.

Usable returns Were received from a total of 65 science teachers
(58%).

The results of the study indicated that physics teachers from
the five geographic regions shared six high-priority in'- service
needs (A high-priority in-service need is a need that was rated, as
"mach needed" or "moderately needed" by at least SO% of the
-teachers); chemistry teachers shared nine high-priority needs; and
biology teachers shared twentY-one high-priority needs. Physics,
cheMistry and biology teachers across theregions had mostly
medium level concerns (task concerns: ,issues related to
management, efficiency, organization, scheduling, time demands,
adequacy of curricula, and availability of instructional materials

109

129



and ,Joratory equipNents), and high level concerns (impact
concerns: 1:.sues :elated Co the impact of teaching. on students'
performance and competence, and changes needed to increase student
eu tc.:0-Aes )

The high-priority needs and predominant concerns of public
secondary physics, chemistry, and biology teachers in the
different gtographic regions of the Republic of Lebanon must be
addressed if the conditions and effectiveness of science teachers
in Lebanon are to improve.
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Session B-14

A REVIEW OF THE STATUS OF HISPANIC AMERICAN
STUDFNTS IN SCIENCE

Steven J. Rakow
University of Houston - -Clear Lake City

2700 Bay Area Blvd.,.#310
Houston, TX 77058

Constance Walker
University of Minnesota
159 Pillsbury Dr., S.E.
flinneapolis, MN 55455

ABSTRACT

Hispanic American students represent a large percentage of
the lion - English Language Background (NELB) students in the
schools. Despite their large numbers, little research has been
undertaken to understand the science education needs of this
population.

The purpose of this paper is to review the research related
to the status of Hispanic American students in science. The
review will focus on four areas of research:

1. The depoqr&phics of Hispanic Americans in scientific
and technological fields of education and employment.

2, The science-related attitudes of Hispanic.American
students..

3. The science-related achievement of Hispanic American
student*.

4. Effocts to improve science instruction for Hispanic
American students.

National reports of the status of minority groups suggest
that Hispanic Americans are underrepresented in scientific and
technological careers. Several barriers have been identified
which may preclude the participation of minorities in
science-related fields.

Results of the recent national assessment in science indicate
that Hispanic American students achieve at a slightly higher level
than black students, but that both black and Hispanic students
achieve significantly below white students. This may be related
to the significantly greater number of science experiences that
white students receive.
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While white students' attitudes have declined over the past
five yeare., Hispanic students have remained fairly constant in
their attitudes toward science over the same period of time.

The review begins to identify some of the influences toward
science in general that may affect later course and career choice
of Hispanic American students. It is clear that interventions
within the school setting that might positively affect students'
attitudes toward and achievement in science and scientific careers
are needed early in students' school experience to later influence
choice of science coursework and careers. Lack of participation
in these areas by minority students must be considered a result of
substantial influences blocking participation. Clearly, the
status of Hispanic American students in science is affected by
school and societal factors. Early exposure to science
experiences, instructional strategies that include attention to a
variety of cognitive styles and allow for personal attention and
cooperative group activities may well be a start in the
development of foundations for choosing science.
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Session 13 -14

SCIENCE.- TECHNOLOGY RELATED (LORAL PROBLEMS: AN
rNTERNATIONAL SURVEY or SCIENCE EDUCATORS

Rodger W. Bybee
Carleton College

Northfield, MN 55057

'Teri Mau
Science, Technology and Public Policy P%.ograa

Carleton College
Northfield; MN 55057

ABSTRACT

Science - Technology - Society (S-T-S) has been suggested as
a new conceptual organization for science education. This survey
evaluated the one aspect of the S-T-S theme; namely, the teaching
of global problems related to science and technology. The survey
was conducted during Spring, 1984. Two hundred fifty-five science'
educators completed the survey. This was 78% of the original
sample. Findings of the'survey included a ranking of twelve
global problems (the top five were: World Hunger and Food
Resources, Population Growth, Air Quality and Atmosphere, Water
Resources and War Technology). Science eduCators generally
indicated the following:

1, The problems would be worse by the year 2000.

2. They were only slightly or moderately knowledgeable
about the problems.

3. Print, audio visual media and persopal experiences were
primary sources of information.

4. It is important to study global problems in schools.

5. Emphasis on global problems.should increase with
age/grade level.

6. An integrated approach should be used to teach about
global problems.

7. Courses including global problems should be voguired of
all students.

8. Most countries are in the early stages of developing
programs including global problems.

9. There is a clear trend toward S-T-S.
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10. There is public support t3r including global problems
and the most significant limitations (in order of
significance) are political, personnel, so6ial,
psychological,-econamic, pedagogical and physical).

This survey has implications for the purpose, wlicies,
programs and practices of science education.
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Session B-15

TUE ABILITY OF HIGH SCHOOL CHFIIISTRY STUDENTS TO SOLVE
ComPUTATIONAL PROBLEMS RPQUIRINC PROPORTIONAL REASONING

AS AFFECTED BY ITEII IN-TASK VARIABLES

Timothy Falls .

Novi Middle School South
Novi, MI, 48050

Burton E. Voss
University of Michigan
School of Education
Ann Arbor, MI 48109

ABST13ACT

This research study was designed to investigate the
interactions of selected high school student aptitudes
(developmental level, field dependence-independence (FBI), and
proportional reasoning ability) with their ability to solve
chemistry problems with varying structure and information. The
secondary purpose was to investigate the relationships of gender
with chemistry problem solving and student aptitudes.

Three aptitude measures (The Balance Puzzle, The Find a Shape
Puzzle, and An Inventory of Piaget's Developmental Tasks) and 14
dependent chemistry quizzes were given to 77 high school students.

chemistry concepts were covered by the quizzes. Within each
. quiz a number of in-task variables were identified: Piagetian

logical structure-reversibility,:algebraic format, type of
information-relevant only or relevant and irrelevant, and nature
of the information-explicit or implicit. All ,measures were
administered over a period of fourteen weeks during the first
semester of the 1983-84 schOol year. The statistical procedures
used centered on correlations and analyses of variance.

Field independent students performed significantly better on
the ig-task conditions. The implicit information interaction
"being a unique contribution to the research on FDI. Degree of
formal reasoning and proportional reasoning were found to be
significantly correlated with success in demistry, independent of
the in-task conditdions. Males significantly outperformed females
on the proportional reasoning measure--The Balance Puzzle. No q

significant interactions were found between sex and chemistry
achievement.

Three major recommendations were made as a result of the
analyses of data. First, it was recommended that further study be
conducted analyzing individual differences in aptitudes with
problem solving as it takes place in natural settings, using
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classroom examinations. Seco:A, continued study should f4 given
to the relationships of FDI with, in -task conditions which vary in
the type of information given, as well as additional study

. 'relative to varying the amount of information and/or the use `of
redundant information. Third, the interaction of implicit
information with students' degree of FDI warrants expanded study.
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Session

THE LOC:CAL REASONING NECESSARY TO MAKE L:NE GRAPHS

Michael J. Wavering
Eastern Kentucky University
Model Laboratory Schoca

Richmond, KY 40475

ABSTRACT

A three year study was conducted to determine the logical
reasoning processes necessary to construct line graphs. Three
types of line graphs were used: a straight line with a positive
slope, a straight line with i negative slope, and an exponentially
increasing curve. This area was chosen for investigation because
of the importance in science of displaying information
graphically. 'Previcras research by other investigators was
concerned with the accuracy of reading various types of graphs and
with measuring graphing skills. This research determined the
underlying logical reasoning processes needed to make line graphs.

The three research instruments used consisted of a set of
instructions, data to make a graph, and two unlined pieces of
paper. The subjects used were middle school and high school e,

science and mathematics students who were allowed to use a ruler
if they thought it necessary and were allowed as much time as
needed to complcte the task.

The responses were classified into one of nine categories.
The categories ranged from no attempt to make a graph to complete
graph with a statement of a relationship between the variables.
The categories in between represented increasingly more successful
attempts at ordering data in one and both eariableS to correct
ucaling of M.. data on the axes. The middle categories also
represented increasingly more successful attempts at establishing
a one-to-one correspondence between the variables to pattern
recognition leading to recognition of a relationship between the
variables. Middle school subjects exhibited behaviors mainly in
the first four categoriesr ninth and tenth grade subjects
overlapped with the middle school subjects and also overlapped
with the eleventh and twelfth grade subjects in the middle
categories, and the eleventh and twelfth grade subjects exhibited,
behaviors mainly in the last five categories.

The categories appeared to be valid with the three types of
line graphs and the subject response patterns were the same on all
the instruments. These response categories also showed a close
fit with Pisgetian concrete operational structures for single and
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double seriation and with formal operational structures foi
proportional reasoning and correlational reasoning.

The implications of this research for science tLaching a-e
these. Teachers can now be aware of what logical reasoning
students will bring to a graphing situation. Teachers will also
be able to understand the reasons why students make certain
mistakes when they make line graphs. Teachers will be able to
make interventiols that will not only help students make their
graphs cocrectly but possibly will help students develop the
logical reasoning to make their graphs correctly on future
occasions.
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Session 13-15

THE DEVELOPMENT, VALIDATION AND ADMINISTRATION OF A
CRITERION-REFERENCED SCIENCE BATTERY FOR GENERAL

EDUCATION STUDENTS IN COSTA RICA

Juan M. Esquivel
Research Institute for the Improvement of Costan Rican Education

University of Costa Rica
IIMEC

Facultad De Education
2060 Universidad De Costa Rica

1 San Jose, Costa ,Rica - A.C.
./

Lilliana Quesada Yannaarella
IIMEC

Facultad De Educatioh
2060 Universidad De Costa Rica
San Jose, Costa Rica - A.C.

ABSTRACT

The purpose of this study was twofold: a) to develop and
validate criterion-referenced tests in order to measure science
knowledge of students who finished the fifth grade as well as the
ones who finished the three cycles of the General Education; b) to
assess the performance of these teats with a national random
sample of fourth, sixth, seventh and tenth-graders in 127
elementary and 43 public secondary schools in Costa Rica.

Sets of 16 to 20 behavioral objectives were specified in
order to define a content domain to be measured by each test.
These sets of objectives were selected after elementary and
secondary science teachers in several regions of the country were
consulted. The teachers gave their opinions based on the science
program and their experience on which objectives represent the
minimum science knowledge a student must have. At least ten items
were constructed to match each objective. A panel of five science
educators chose three out of ten items for each objective.
Therefore, the fourth-grade test was composed of 4B Items, the
sixth-grade test of 42 items, and the seventh- and tenth-grade
test of 60 items. The procedure employed to define the content
domain and to develop and select items to measure the domain
supported the content validity of the tests. Reliability was
calculated using KR-21.

The instruments were administered to 1012 tenth-graders, 1130
sixth-graders, 794 seventh- and 449 tenth-graders who were
enrolled in elementary and high schools chosen at randoM from the
total of public :schools in Costa Rica. Only two objectives were
mastered by fourth-graders in a specific reeton and any other
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Objectives were mastered at any other grade levels. Nairn-
referenced analysis or the data using ANOVAS showed' significant
differences among regions and type of elementary and high schools.
The tests are very useful for researChers'and Science educators
this being the first attempt to develop and validate C-R tests in
Science for the Costa Rican Educational System.
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RELATIONSHIPS OP ATTITUDE TOWARD SCIENCE
AND FAMILY 'ENVIRONMENT

Dorothy J. Bridgeman
University of Georgia

Department of Science Education
Athens, GA 39602

Steve Oliver
University of Georgia

Office of Instructional Development
Athens, GA 30602

Ronald D. Simpson
University of Georgia'

Office of Instructional Development
Athens, GA 30602

ABSTRACT

This investigation was made on data gathered as a part of a
larger longitudinal, multi-dimensional study that has as its 'wale
the examination of the relationship between variables of the home,
school and self as they relate to attitude toward and achievement
in science. The purpose of this investigation was to look at the
characteristics of family environment and determine the nature of
the contribution of family environment to attitude toward science.
The data collection took place in a large school district in North
Carolina. The instruments were administered in the fall, winter
and spring of the school year.

The two family oriented subscales were targeted for
examination as regressors to the dependent variable of attitude
toward science. One of these, the family science subscale
included items to assess student perception of their family's
science support. The other, called family general, consisted of
items to assess student opinion of the quality of their family
life. The population under study consisted of over 000 seventh
grade students and over 1,408'tenth grado'students. The students
were from four randomly selected schools in the district and had
been previously assigned to their ability-group tracks, which had
three levels, by pre-existing local school guidelines.

The statistical design in this investigation was multiple
linear regression using SAS procedure. REG. The population was
examined by ability group track, by grade and by time.

In the regression model developed, the probability level
which indicated the relationship of the family science variable to
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science attitude wus highly significant (0.0:41 level). This was
for all ability-group tracks at each grade level and over time for
each grade level. The family general variable was found to be
significant in its relationship to science attitude for Track 2
ability- groups at both grade levels and over time for the tenth
grade, but not over time'for the seventh grade. The seventh grade
Tratk 2 probability at time 3 for the T-value was 0.0754.

Family environment is defined as being the interactions which
take place between family members. They are reflected in the
members' behaviors and attitudes in other places such as the
school. The high degree of influence of the family on a student's

'schooling is generally established.

It can be concluded that there is a need for science
education researchers to further examine the family environment
-variable, as previously defined, as a source of alterable
variables. The positive enhancement of these family influences in
a student's learning environment could improve attitudes toward
science among adolescent students.
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o

PRESERVICE TEACHERS' RETENTION or CHAriED ATTITUDES TOWARD
ENERGY CONSERVATION: COGNITIVE RESPONSE OR

RECALL OF MESSAGE ARGUMENTS

Thomas R. Rubella, Jr.
The University of Texas at Austin

Science Education Center
Austin, TX 78712

ABSTRACT

This investigation attempted to determine if subjects'
cognitive responses to a persuasive communication are more.hihly
correlated with attitude change than the recall of arguments
presented in the communication. Subjects were exposed to a
systematically designed persuasive communication and then tested
for their retention of the arguments, presented in the
communication and cognitive responses. Attitude change was found
to be significantly C'o'rrelated with cognitive responses elicited
immediately following the persuasive communication and cognitive
respun'ses recalled/three weeks later. ho significant correlation
was found betweenylhe recall of communication arguments and
attitude change./-The results offer a plausible explanation of the
contradictory fOldings reported in the science education
literature regafding the dissipation of attitudes changed using
persuasive communication.
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TUE EFFECT OF WRITTEN PEIASIVE CORMUNICATION ON CHANCING
ATTITUDES OF EGYPTIAN, RESERVICE BIOLOGY TEACHERS

TOWARD TEACHING EVOLUTION ,

Hassan Hussein.Zeitoun
The Islamic University of Imam Hohammad IbnSaud
The Faculty Of The Arabic and Social Sciences

Alkaseen, Braida
P. 0. Box 1193
SAUDI ARABIA

Abdelmoneim Ahmed Hassan
College of Education
Al-Azhar University

Cairo, EGYPT'

ABSTRACT

purpoLe of this study was.to determine the effect of
written persuasive communication on changing attitudes of Egyptian
preservice biology teachers toward teaching evolution. The
Pretest-Posttest Control Group Design was chosen as the design for
this study. The subjects who,participated in this study consisted
of 154 volunteers (46 males and 108 females) enrolled at Biology
Section in the College of Education, University of Tanta, Egypt
during the academic year 1983-1984. The subjects were randomly
divided into two equal treatment groups: 1) the experimental.
group (the persuasive communication groapli and 2) the control
group (the control communication group). Two,. different treatment
materials were used as a part of this investigation: 1) the
persuasive communication which consisted of a written message,
printed information on the importance of teaching of evolution to
secondary school students, and 2) the control communication which
consisted of a written communication about air pollution. The
Attitude Toward Teaching Evolution Scale was developed to be used
in this study. This scale was administered as a pretest and
posttest to assess attitude change. Analysis of covariance was
used to analyze the data. The findings of this' study indicated
that there is a significant difference (at the .05 level) in the
adjusted posttest mean scores between the experimental group and
the control group. This difference was in favor of the
experimental group. It was concluded that Egyptian preservice
biology teachers who received the written persuasive communication
had a positive. change in their attitudes toward teaching evolution
to secondary school students.
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NesSion B-17

AN INQUIRY INTO Till; PHENOMENON OF
UNDURSTANDNC ABSTRACT CONCEPTS

Nasrine Adibe
Long Island University
C. H. Post Campus

,School of Education
Greenvale, NY 11548

ABSTRACT

In this study two methods were used: indepth review and
synthesis of related literature and six pilot exploratory studies
conducted by the author during the last decade.

This study was attempted to define abstract concepts,
delineate the mental processes involved in abstraction and draw
implications to curricula and instruction in science.
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)' PRELIMINARY REPORT ON THE EFFECTIVENESS OF A YEAR LONG
INTERVENTION TO PROMOTE SCIENTIFIC LITERACY

Dale R. Baker
Univ'ersity of Utah

Department of Educational Studies
133 MI

Salt Lake City, UT 84112

Michael D. Piburn
Westminster College of Salt Lake City

Department of Education
Salt Lake City, UT 84105

ABSTRACT

The purpose of this study was to develop a ninth evade
curriculum thit taught the skills of scientific literacy, moved
students from concrete to formal thought, and to determine whether
variables such aSspersonality, field dependence/independence and
attitude arc mitigatincrfactors in the'acguiSition of reasoning
skills. The selection of materials and their sequencing was based
on Piagetian theory. The definition of scientific literacy was
taken from Arons' description the spriaq-1983 issue of
Daedalus. The study was conducted in an urban catholic high
gaTairt- There were 250 students in the study randomly aszigned to
three,teachers who taught the course. Students received generic
instruction on the skills of making observations and inferences,
measuring, classifying, frames. of reference, spatial ability,
ratios and proportions, making combinations, controlling
variables, hypothesis testing, logic and understanding scientific
models. 'Content was sel cted to bring the student to An
understanding of specific scientific models. StUdents were also
tested on their ability to transfer these skills to content areas
and own their mastery of content. Seventy students were chosen
random to be clinically tested for cognitive level using Piagetian
instruments and the embedded figures test. Preliminary analysis
indicates that skill acquisition was facilitated by instruction.
Skill acquisition was more difficult than was anticipated for
ninth grade students. The course also made a significant impact
on students' attitude toward science. An issue of major
luportance was the assignment of grades because of the
developmental underpinnings of the course. Another issue of
concern was the students' and parents' attitude to a process based
rather than a content based course.

126

146



A

Session 8-17

COGNITIVE PREFERENCES AND SCIENCE TEACHING BEHAVIOR

Paul R. Boehlke
Dr. Martin Luther College

New Ulm, MN 56073

James A. Shymaneky
University of Iowa

Science Education Center
Iowa City, IA 52242

ABSTRACT

*.'4exet

The purpose of this exploratory study, was to search for
possible relationsh\ps between science teachers' observed
classroom behaviors and their cognitive preferences as meaSured by
a written instrument.

Fifty-six teachers in grades five through eight were observed
teaching science lessons, Each teacher chose three lessons for
the study. A behavior coding system was used by trained
observers. Behavior codes were analyzed on an Apple II
microcomputer. Anecdotal records were also kept. The teacheAs
completed the Science Cognitive Preference Inventory (SCPI) which
measures preferences for recall, principles, applications, and
questioning. Three groups of teachers were formed: one highest
in questioning, one lowest in questioning, and one with indistinct
cognitive preferences.

Major conclusions were:

1. The three groups of teachers classified on the basis of
their cognitive preference tests were fodnd to exhibit
different teaching styles significant at 9.053.

2. Correlations between particular behaviors increased when
data from teachers .with only distinct preference scores
were used, indicating that teachers with distinct
preference scores may also have more distinct teaching
styles.

3. The results of anecdotal 'records lent support to the
cognitive preference construct.

4. The results of intercorrelations, factor analysis, and
score patterns indicated a lack of discrimination
between the recall and principle preferences. This lack
of discrimination say call into question the traditional
definitions of the modes, but not the entire construct
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for which support was found, especially in the area of
proftrence for questioning.
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A STUDY OF STUDENT ATTITUDES TOWARD SCIENCE - TECHNOLOGY- SOCIETY
RESULTING FK)M VISISTATION TO A SCIENCE-TECHNOLOGY MUSEUM

Kevin D. Fi.pcon
Kansas State Unive-sity

Department of Curriculum and InstructiOn
239 Bluemont Hall

Manhattan, KS 6606

Enochs
Kansas State University

Department of Curriculum and Instruction
251 Bluemont Hall

Manhattan, KS 66506

ABSTRACT

The problem of the study was to determine if visitation to a
specialized science-technology museum affected student attitudes.
toward Science-Technology-Society (STS)1 and if so, in what ways
teacher use of planned instructional strategies for the museum,
an prior student experience with STS, correlAted with these
attitude changes.

The null hypothesis of the study was that there would be no
significant differences in attitude toward STS between student's
who had visited science-technology museums and students who had
not visited such museums. Three subordinate hypotheses were also
tested, aimed directly at those students who had visited
science- technology museums. These hypotheses dealt with the
extent to which teachers' use of the museums was planned and how
this planning related to student attitudes toward STS.

A nonequivalent control group design utilizing pretests and
posttests was used. Subjects were in intact groups with unequal
n's. Subjects included Kansas students from grades 6-8. Prior to
pretesting, all subject were given the Student STS Questionnaiare
to determine prior exposure to STS and to establish socioeconomic
status. All subjects were pretested using the Scientific
Attitudes Inventory (SAI). Pretesting occurred7UUFTWT5e fall
semester and prior to visitation to museums. Three weeks later,
all subjects were again given the SAI, thks time as the posttest.
During pretesting, teachers were given the Teacher STS
questionnaire to determine prior use,,of STS in the classroom and
tQ determine the extent of instructional planning for au'leum
visitation. This latter component served only for thost, teachers
whose students visited museums. Nonvisitinq teachers did not
receive questionnaires including this component. Teachers whose
classes visited museums were interviewed at the time of
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postteSting to further delineate instructional strategie$ used
with museums.

Analysis of covariance, using pretest scores as the
covariate, was employed on a 2 X 2 matrix comparing prior student
STS exposure and museum visitation. A second analysis of
co% riance was utilized on a 2 X 3 matrix comparing prior student
STS exposure and levels of teacher instructional strategy employed
in museums. Further analysis was done comparing student attitude
changes and various demographics of subjects.
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IDENTIFYING STUDENTS' DIFFICULTIES IN UNDERSTANDING CONCEPTS
PERTAINING TO CELL WATER RELATIONS: AN EXPLORATORY STUDY

Y. Friedler
hebrew University

Israel Science Teacher Center
Jerusalem, Israel 91504

ABSTRACT

The study attempts to identify students' conceptual
difficulties understanding concepts and-processes associated
with cell water relations (e.g., osmosis) and to find out possible

0 reasons for these difficulties. This area was chosen because
osmosis is a key'concept for many important life processes ,and
consequently it is studied repeatedly in schools. Yet, experience
and previous research has indicated that many students have had
conceptual difficulties in this area, perhaps because of the
dependence on basic concepts in physics and chemistry (e.g.,
diffusion, solubility, particulate nature of matter, potential)
which teachers may wrongly assume that students have mastered in
tneir previous studies. Three research strategies were used
content analysis of commonly used textbooks, three paper and
pencil questionnaires featuring 72 true/false items and individual
interviews based on two demonstration experiments. One hundred
forty-two students in grades 9, 10, 11 participated. The main
findings were:

1. Certain concepts are presented by the textbooks in ways
which may confuse students.

2. Certain textbooks, e.g., the BSCS texts, hardly mention
osmosis.

3. in all questionnaires there were no differences between
the different grade levy's.

4. Concepts which appeared to raise difficulties were
osmosis, osmotic pressure, potential,

5. Serious misconceptions exist with regard to basic
concepts such as solutions, solubility, particulate
nature of matter and molecular movement. These mis-
conceptions are partially responsible for difficulties,
in understanding osmsotic relations.

6. Teleology and anthropomorphism are widely used as if
they provide causal explanations.
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"/. Students often use textbook definitions of osmosis and
diffusion without fully understanding these concepts.

This exploratory study points at the need for large scale
comprehensive .-search which can vs, the same strategies in order
to substantiate and extend the findings. Subsequently,
instructional materials and strategies should be designed*to reach
better comprehension of the concepts and processes associated with
cell water relations.
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HOU DOES THE USE OF NEWSDAY'S SCIENCE EDUCATION SERIES
PROGRAP AFFECT SELECTED NINTH GRADE STUDENTS'
COMFsEHENSION OF SCIENCE READING MATERIAL?

Har.ld Friend
New York City Board of Education

Block I.S. 25
34-65 192 Street

Flushing, NY 11358

Sol Karsch
Block I.S. 25
34-65 192 Street

Flushing, NY 11358

Shirley Siegel
Block I.E. 25
34-65 192 Street

Flushing, NY 11358

ABSTRACT

Reading is a communication process that is crucial to
students in all learning areas, but especially in science.
Printed text materials are the most widely used teacher aids in
the science classroom. Whether working individually or in groups,
students are constantly referring to textbooks, articles,
handouts, and laboratory manuals. If used properly, such material
can facilitate student achievement. It is imperative that
students comprehend science reading material.

The purpose of the present study was to determine how the use
of Newsday's Science Education Series Program affected selected
ninth grade students' comprehension of science reading material.

The students involved in the study were 136 New York City
ninth graders, divided into six Classes. Three classes consisted
of students with standardized reading and mathematics scores at
least two years above grade level, while three classes consisted
of students with standardized reading and mathematics scores on
grade level. All students came from Queens, New York. Some
walked to school while others used public transportation. They
were, of a middle socio-economic background. The sample w 1 about
one-half male and one-half female.

The Degrees of Reading Power was administered to the sample
in March 1984. The instrument assesses a student's ability to
comprehend prose material written at various levels of difficulty,
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has a peycholinguietic orientation, and resembles a modified Cloze
format.

One class (nal9) with students' standardized reading and
mathematics scores at least two years above grade level, and one
class (n24) with studenta standardized &cores on grade level,
followed the Newsdy Science Education Series Program format.
Once each week, for ten weeks, a newspaper science article was
selected and used according to,Newsday's direction's.

One class (n..29) with students' standardized. reading and
mathematics scores at least two years above grade level, and one
class (n21) with students' standardized scores on grade level,
read the same newspaper science articles as the first two Classes
cited,. but the science teacher did not follow the Newsday formats
The students read the science articIFi, discussed the content, and
answered questions pertaining to the articles. The science
teacher never saw the Newsday Program.

Finally, one class (ne21) with students' standarized reading
and mathematics scores at least two years above grade level, and
one class (ne22) with students' standardized scores on grade
level, did not use Newsday's format and did not read any newspaper
science articles. The science teacher used the newspape/ science
article the other two groups (four classes) had read, but only to
teach the article's content. The teacher never saw the Newsdsx
Program. The three science teachers involved in the study had
similar professional backgrounds.

After ten weeks, the Degrees of Reading Power test was
administered again. Correlated t-tests were us'd to evaluate the
null hypothesis,awThere is no change in selected ninth grade
students' comprehension of science reading material, whether the
students used the Newsday Science Education Series Program format, ..-

newspaper science articles alone, or were taught only content from
specific newspaper science articles."

Students with standardized reading and mathematics scores at
least two years above grade level did not show a statistically
significant difference between pre-test and post-test-Degrees of
Reading Power scores when taught using Newsday's Program, or when
taught newspaper science articles' content without the article.
The null hypothesis must be accepted. But, when taught using the
news paper science articles alone, there was a significant
increase in the post-test scores at the .01 level. The null
hypothesis must be rejected.

Students with standardized scores on grade level who were
taught using newspaper science articles alone, or who were taught
newspaper science articles' content alone did not show a
statistically significant difference between pre-test and
post-test Degrees of Reading Power scores. The 'null hypothesis
must be accepted. But, when taught using Newsday's Program, there
was a significant increase in the post-test scores at the .a5
level. The null hypothesis must be rejected.
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T117. PORTRAYAL OF MINORITIES AND WOMEN IN SELECTED
ELEMENTARY SCIENCE SERIES

Jesus Garcia
Texas A fi M University

Department of EDCI
College Station, TX 77843

Richard R. Powell
Texas A i n University

Department of EDCI
College Station, TX 77843

ABSTRACT

The purpose of this study was to determine the quantitative
and qualitative por.rayal of females and minorities in the
illustrations of seven contemporary elementary science textbook
series. An evaluation instrument was devised to determine the
current status of the targeted groups. Illustrations were
evaluated on the basis of minority/nonminority and r'le/female
representation. The activity and assumed role of the individuals
were also tabulated. A total of 5,965 human illustrations were
evaluated. The results reveal that the female children group is
represented with greater frequency than are other child groups.
Minority children are represented less often than nonminority
children and female and minority adults are depicted less often
than nonminority male adults. The textbooks evaluated in this
study display science positively for most societal groups.
However, minorities are underrep. 'sented and illustrated in a
limited number of career roles. Aolications and suggestions for
teachers, supervisors, and teacher educators are provided.
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THE VIEW OF SCIENTIFIC LITERACY AS ESENTED
' In EARTH SCIENCE TEXTS

Theron Car a
'University of HT on-Clear Lake

Programs in n-Science and Technologies
e

2700 Bay Area Boulevard
Houston, TX 77058

Eugene L. Chiappetta
University of Houston-University Park

Department of Curriculum and Instruction
Houston, TX 77004

ABSTRACT

The need for scientific literacy among the nation's citizenshas long been recognized. A major re-emphasis on the issue whichbegan in the mid-1960s appears to be gaining attention in the1480s. A question that could logically be raised then centers onwhy, after two decades of emphasis, has the goal of scientificliteracy not been reached.

This study addresses that question by examining earth sciencetextbooks published for middle school/junior high level studentsto determine whether the aspects of scientific litieracy arepresent and at what level each aspect is represented. Textbooksappear to be the message and the vehicle of the curriculum insciences. Therefore, students who learn science from textbookswhich do not adequately reflect a balanced view of sciencenecessary to promote scientific literacy cannot be expected tobecome scientifically literate citizens.'

Scientific literacy has been defined ant described, often indetail, during the past two decades. It has been noted that
everything that has anything to do with science has becomeassociated with scientific literacy. ,A model of scientific
literacy was synthesized from these past studies. The fourespects of scientific literacy agreed upon by investigators andincluded in the model are (1) Basic Knowledge of Science, (2)Investigative Nature of Science, (3) Thinking Processes of
Science, and (4) Interaction of Science, Technology and Society.

In order to determine whether textbooks reflect the goal ofscientific literacy, an instrument was developed with whichtextbooks could be analyzed. The four aspects of scientific
literacy formed the basis of the instrument; content analysisprovided the technique. Science educators, using tpe instrument,analyzed the five earth science textbooks adopted by the State of
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Texas for the academic years 1983-1969. The results of the
analysis were analyzed to determine the level of inclusion in
general of each aspect' of scientific literacy. The results
indicated that earth science textbooks heavily favor the basic
knowledge aspect of science and thus do not reflect the goal bf
scientific literacy:

Since the textbooks cannot be considered a source of
scientific literacy, the implications for science education are
clear'. (1) Loth inservice and preservice teachers must be made
aware of the nature of the textbook and its impact in the
classroom. (2) Additional curricula materials must be developed
to supplement` the textbooks. (3) The instrument developed during

study can be used by teachers faced with textbook adoption
decision.
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Pia:SERVICE SCIENCE.BEUCATIOU - WHAT
AFFECT METHObS CLASSES?

Paul S. Markovits
Montana State University

Science /Math Resource Center
Bozeman, ?IT 59717

Ruth C. Johnson
Montana State University

Department of Secondary Education
Bozeman, MT 59717

ABSTRACT

Five years'of data related to teachers' perceptions of
learning and knowledge were analyzed to ascertain whether
differences existed between preservice elementary and secondary
science students. The data were generated from a questionnaire
derived from assumptions about learning and knowledge. The
assumptions speak to five areas of learning: motivation,
conditions of learning, social learning, intellectual development
and evaluation. Knowledge assumptions comprise a sixth area.

The data were analyzed using a Chi Square statistic with the
probability set at the .05 level of significance with the number
of c'ses (n) being 435. There were no significant differences in
presco:es for either elementary undergraduate and graduate
students or secondary undergraduate students. No significant
differences occurred with post scores between undergraduate and
graduate elementary education students. However, significant
differences occurred between undergraduate elementary and
secondary students in the areas of assumptions about motivation,
conditions of learning and knowledge requirements of school
children.

The study supports the NSTA recommendations for certification
of elementary and middle/junior high science teachers. AlSo,
there is some indication that inservice and preservice eaucation
need to follow varying paths.
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AN EVALUATION OF THE ELEMENTARY SCIENCE METHODS CLASSES AND
OTHER METHODS COURSES AS PERCEIVED BY BOTH PRESERVICE

EDUCATION TEACHERS AND CLASSROOM TEACHERS

Ava P. Pugh
Northeast Louisiana University

Monroe, LA 71209

ABSTRACT

The problem of this study was to determine the effectiveness
of the science methods course as compared to other methods courses
in elementary education at Indiana University Southeast. The
survey was administereo for three consecutiP semesters to both
classroom teachers and preservice teachers.

After administering' the questionnaire to both the classroom
teachers and preservice teachers, percentages for each question
were analyzed. When means and standard deviations were analyzed,
no significant differences were found. This supports that both
the experienced classroom'teichers and the preservice teachers
were in agreeMent on the preparation of the preservice teachers.
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ATTITUDES OF,UNIVERSITY CANDIDATES TOWARDS LEARNING ACTIVITIES
AIIIkD AT PREPARING THEM' FOR SCIENCE STUDIES

Zahava Schcrz
The Weizmann Institute of Science

Department of Science Teaching
Rehovot 761CO, Israel

Michael Richman
The Hebrew University
Institute of Chemistry
Jerusalem, Israel

Pinches Tamir
The Hebrew University
Institute of Chemistry
Jerusalem, Israel

ABSTRACT

Students' attitudes, expectations and opinions about learning
activities w,e investigated before and after one year of science
studies in thetreacademic School (PAS) of the Hebrew University,
Jerusalem, A 71-part questionnaire was pre and post administered
to 150 FAS e,rlidents (7U% of whom were classified as academically
disadvantaged according to socioeconomic criteria) during the
years 1978 - 19815.

The main finding' showed that prospective science students
expect that in their learning preparation program, study skillsactivities, such as efficient scientific reading, essay writing,note taking, data analysis or orientation in the scientific
library, should play an important role beyond that of merelysubject matter teaching. These learning skills were considered bystudents to have a significantly greater influence on future
success in University studies than factors like talent, hard work
or socioeconomic origin. However, students perceived their
competence with regard to many learning skills activities to befairly low.

They also felt that the learning skills instruction actuallyoffered at the PAS was far below what they would have liked it tobe. Such a dissatisfaction was not found in relation to
traditional subject matter oriented activities, some of which wereeven judged to be superfluous.

It was concluded that learning skills should play animportant role in remedial program for disadvantaged students
either in preacademic programs, or in upper classes of secondary

140

1 C, u



school,. or in the first year in college. An example of the
potential and actual contribution of such a study skill program to
improved achievement is briefly discussed.
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T!11 ROLE Or PRE-PLANNING CURRICULUM EVALUATION
IN SCIENCE EDUCATION

Pinellas Tamir
Hebrew University

Israel Science Teaching Center
Jerusalem, Israel

ABSTRACT

A new dimension designed as Pre-Planning Evaluation (PPE) is
proposed as complementary to the two currently used forms Of
evalution namely formative and summative. The purpose of PPE is
to provide data base to curriculum development deliberations in
order to assist in decision making and guard against neglect of
important issues. PPE is certainly essential when no pertinent
evaluation data exist, but it was found to be useful even in cases
when evaluation data of previous generations of curricula do
exist.

Three case studies are presented to illustrate the nature and
potential of PPE: the biology curriculum in Israel, the high
school biology curriculum in Australia and the electricity
curriculum in technical high school in Israel. Examples of
findings and conclusions of PPE studies are:

1. Ire elementary grades the needs of individual students
should take precedence over the demands of subject
matter and society.

2. The best way of meeting the needs and matching the
capability of elementary school students is to study
macroscopic organisms (plants, and animals) and to
become familiar with phenomena in the immediate
environment.

3. Quantitative statistical treatment of data should be
done mainly in the senior high school.

4. More emphasis should be given to human biology and its
applications.

5. Narrative of inquiry is an appropriate and desirable
way to presenting biological reading materials to
students of all ages.

6. Continuous short time revision of laboratory manuals
is very important.
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7. Information and techniques in electricity becomes
oW,olete in 5 to 13 years. Hence, much of what
students will have'to know and do on their job will bedifferent from what they have studied in school. Howcan students be prepared to cope with rapid changes inthe future?

The last case study, namely that dealing with electricity isthe most cor.prehensive and involves data collection from elevendifferent relevant populations as well as analysis of variety ofpertinent document. A `e mat of data presentation which,facilitates comprehension and utilization of PPP, information incurriculum deliberations is presented as well. There, is evidencethat the provision of PPE data to curriculum planners indeedresults in better and more comprehensive deliberations withbalanced attention given to subject matter, students, teachers andsucie:y.
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ANXIETY LEVELS OF STUDENTS TARING RECUIRED
COLLEGE SCIENCE COURSES

Vary Westerback
Lung Island University,
C. W. Post Campus'
Geology Department

Greenvale, NY 11548

Clemencia Gonzalez
Long Island University
C. W. Post Campus
Geology Department

Green :alr, NY 11548

A8S''RACT

The purpose of the study is to measure initial anxiety levels
and examine the science and math backgrouncs of all college
students taking licienee courses to complete their science
requirement inthe following disciplines:, tiology, chemistry,
geology, physics and psychology.

Data were collected in September 1984 from about 760
students. The data are now being placed on cards to be optically
scanned and entered into the computer to ,be processed using SPSS.
This process will be completip by early December and the analyses
will be done in January.

This will provide actual data on initial anxiety levels in
various disciplines and will include analysis of scores for males
and females and choice of academic major. It is "base line data."
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INvEsTicATIoN Or PRL:NTRY PLANETARIUM ACTIVITIES:
ADVANCE ORGANIZERS VERSUS PEGMNEMONIC DEVICES

Thomas W. (Ales
Hempfield Area School Disstrict - Planetarium

R.D. 6, Box 77
Greensburg, PA 15601

Paul E. Dell
Pennsylvania State University

University Park, PA 1'6802

ABSTRACT

The purpose of this study was to compare the effects of
advance organizers and mnemonic instruction in lessons presented
at a planetailum. The comparisons of treatments were made at
three student achievement levels in order to compare interaction
effects.

The study examined effects oL the mediators on learning in
,the planetarium classroom. A related question posed by the study
asked it preentry instruction increases effectiveness of the
plar-tarium instruction.

The scheme of the investigation was a nonrandomized posttest
design with tenth grade studeuts in an intact school system as
subjects of the study.

Nine class sections including 233 students participated in
the study. Three class sections were randomly assigned to each
treatment with one class section from each achievement level
receiving each treatment. The control groups were not involved in
any reentry planetarium lessons. The other treatment groups
ir) ided groups instructed through advance organizers before the
anetasium instruction and groups instructed in the use 0f

mnemonic device use before the planetarium instruction.

Reliability was examined in the posttest through the Spearman
Drown formula and the items were compared through use of the split
halves formula. A committee of Earth Science instructors in the
school system examined the validity of the instrumect.

The analysis of variance conducted do the posttest scores
indicated significant results at the .05 level in the case of
advance organizer treatment groups. The Scheffe formula was used
for further comparisons of the data. The Duncan method also
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indicated significant effeutiveness of advance organizers upon the
effectiveness of the instru7tion.

The mnemonic strategy . nstrdction was found to significantly
impLu'.e learninc; performane of the 1:Mil classes who were the
lowest level of student' achievers in the study. Perhaps this
indicates that a 100)ori*.y o' students build their own mnemonic
strategies.

The investigation produced data that indicated that preen try
activitiel. do have sigrWicant positive effects on planetarium
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!session L-19

THE EFFYCTS OF PROBLEM FORFAT, NUMBER OF INDEPENDENT VARIABLES,
AND TEEIR INTERACTION ON STUDENT PERFORMANCE ON A CONTROL

OF VARIABLES REASONING PROBLEM

John R. Stayer
University of I'llnois at Chicago

College of Edusation
Box 4348

Chicago, IL 60680

ABSTRACT

This studystudy was designed to investigate the effects of problem
format and the number of variables in the problem on the responses
of students to a control of variables reasoning task. The BendingRods problem was used. A 4 X 2 factorial research design withtour levels of the number of variables and two formats (essay and
multiple choice) was set up for the investigation. Five hundred
forty -eight eighth graders in 24 science classes in a suburban
public school district northwest of Chicago participated in thestudy. Students were administered the Bending Rods problem in
groups in their science classes. Each classroom was randomly
assigned to a cell in the research design. Initial anal.ysis
indiested that four levels of the number of variables in the
probleiT should be pooled to two levels. This was accomplished by
combining the level on esch extreme with it-s adjacent level.
Analysis of variance indicated that: 1) task format had no effect
on subject's scores; 2) the 2-, 3- variable forms together were
significantly less difficult for so-adents than were the 4-, 5-
variable forms together; and 3) .sie differences between subjects'
mean scores on the 3- vari le essay versions and the 4-, 57variable essay versions are c-sificantly greater than the mean
scores of corresponding ssitip.ie choice versions of the task,
which exhibit rather unicorm, intermediate scores. Discussion
focuses on interpretations that include: 1) task demands on
working memory; 2) Pascual-Leone's M-energy; and 3) the use of
synthesis and exclusion strategies in solving essay and multiple
choice tasks, respectively. Implications for science teachers are
set forth in view of these discussion points and their relevance
to test construction and classroom assessment of learning
objectives in science.
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Session 13-I9

TEE ROLE OF PRACTICE IN INVENTING THE .RULE
FOR SOLVING LOGICAL SYLLOGISMS

Dorothy A. Petrushka
Somerset County College

P. O. Box 33OV
Somerville, NJ 0887G

ABSTRACT

Science educators have recognized that some degree of logical
reasoning is required for success in science. To be able to
predict success in science subjects, students have been evaluated
for their logical abilities by various tasks, one of which is the
logical syllogism. The results of these investigations have led
the investigators to conclude that most science students are
illogical. The evaluating instruments -were constructed with
symbols (e.g., size and shape) in order to follow the
'hypothetical-mathematical" model of Piaget. More recent studies.
nave demonstrated that success with the syllogisms is appreciably
greater when the subject matter is familiar, and that skills
demonstrated on these tasks are transferable to other contexts,
also familiar in content. These studies also suggested that some
degree of generalizability can be expected to occur, and indeed
was realized by an increase in proficiency with the
symbolic-content conditional syllogism.

Based on the results of these investigations, an experiment
was conducted to see whether practice can enhance the
transferability of skills from familiar-content tasks to symbolic
content tasks for both the conditional (if, then) and the
inclusive disjunction (or, or both) connectives. Symbolic-content
tasks were administered just after the beginning of the semester,
and near bhe.end of the semester. Familiar-content tasks were
administered just after the beginning of the semester, at
mid-semester, and again near the end of the semester. Subjects
were students enrolled in an introductory biology course for
non-science majors. Subjects received no feedback regarding their
success on the tasks, nor were they furnished with the appropriate
answers. Therefore, any improvement in proficiency would be due
to a direct transfer of skills. The results were dramatic. There
was a definite significant improvement in proficiency with
symSolic-contsnt tasks for both operators. In fact for the
conditional syllogism, there was virtually no difference in
proficiency between familiar-content and symbolic content on the
final set of tests. Some difference still exists for the
inclusive disjunction syllogism due to type of content. However,
the increase in success between the pre- and posttests indicate
that a highly significant increase in proficiency occurred. This
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experiment dramatically demonstrates that even minimal practice
with familiar-content i,yllogit- can lead subjects to invent the
rules necessary for solving !_q folic- content syllogisms.

The implications for science education are tremendous. If we
consider logical aptitude a requirement for success -in science,
then we are bound to encourage the development of these skills if
we want our students to be successful. By incorporating everyday
situation;; or subject matter int4elogical problems, and by
providing these materials for praCtice, eventually we could expect
the development of logical thought of the kind necessary to
scientific inquiry.
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Session B-19

A STUDY OF DIFFERENTIAL PROF EFIIAVIORS
IN PROCESSING A SCIENCE TE T PASSAGE

Marianne r. 3etkouski
University of North Florida

Coll#:qe of Education and human Services
Vivision of Curriculum and Instruction

Jacksonville, FL 32216

Sandra girk-McDonald
University of North Florida

College of Education and Human Services
Division of Curriculum and Instruction

Jacksonville, FL 32216

ABSTRACT

Thls study qathured protocol data related to how student,;
process information obtained by reading a passage related t)
inertial reference frames. Two groups of tenth grade students,
one of which consisted of students identified as potential
National Merit Scholars, and another which consisted of students
who %.:?vre unrolled in Biology I in a large, middle SES high school
read a science text passage and then answered a set of six
questions requiring that they apply the new material in novel
situations. haw and weighted test score data and reading times
were compared, and as expected, the academically talented students
achieved higher raw and weighted scores; their reading times were
also longer. The focus-of the study, however, was the analysis
of the tape recorded interview data about how they processed each
question. Interviews were conducted by the investigators in
one-on-one situations, and verbatim transcripts of the interviews
were made, Test questions were specifically designed to reveal
problem solving strategies. The academically talented students
were more verbal, more methodical in comparing questions to the
passage, and more likely to relate questions or parts of the text
to their own past experiences. The average students often looked
for a literal ;notch between the questions and the text, and were
much more likely to answer questions based on previously held
"naive theories," which sometimes were in direct conflict with the
text'material. The results of the study suggest that caution is
needed in assuming that stu.cnts will learn effectively from text
presentations of new concepts.
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Session 8 -20

Ir

rACTORS RLLAWD TO DECISIOW-MAKING

Phillip A. Heath.
The, Ohio State University

'F OH "13210

Arthur L. White
The Ohio State University

Columbus, OH 43210

Donna F. Berlin
The Ohio State University

Columbus, OH 43210

John Park
The Ohio State University

Columbus, OH 43210

ABSTRACT

Decision-making is very similar ,roblem solving in regards
to the mental skills involved. Decis._ .-making involves values
and ethical considerations that problem solving situations may or
may nut include. Little attention is paid to curriculum
development or instructional procedures for teaching
decision-making skills to children.

The decision-making process can be broken down into a series
of processes. They include the identification of the problem, the
generation of alternative solutions, the recognition of the
consequences of the alternatives and the selection of a solution
from the alternatives.

It is suggested that there is a strong and direct
relationship betweeen the number of alternatives a child can
generate and the quality of the decision. Therefore, the
component of the decision-making process selected for this
research is the ability of children to generate a variety of
alternative solutions in a decision-making situation. After the
critical factors of the environment related to this skill are
identified, then future efforts will be focused on the factors
related to the quality of the decision made.
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Session B-21

TEACNERS' PERCEPTIONS OF MAINSTREAMING IN AN INQUIRY
ORIENTED ELEMENTARY SCIENCE PROGRAM

Ronald K. Atwood
University of Kentucky

112 Taylor Education Building
Lexington, KY 405060017

Ben R. OldhaM
Payette County Schools
701 East Main Street
Lexington, KY 40502

ABSTRACT

In order to obtain elementary classroom teachers's views onthe effectiveness with which handicapped children can beintegrated.into the regular
classroom'for activity centeredscience, a survey was conducted in a school district using theScience Curriculum Improvement Study (SCIS). The followingquestions were addressed through the survey of the SCIS teachers:

1. Relative to other subject areas, how do teachers rankscience on the ease with which handicapped students canbe effectively integrated for instruction?

2. Compared to her subject areas, what do teachers viewas the greaten. advantages
and disadvantages ofmainstreaming 1, elementary science?

3. What are the teachers' views of how handicapped andnon-handicapped students feel about elementary science?
4. What are the teachers' views about teaching science toboth handicapped and non-handicapped children and aboutteaching handicapped children generally?

The sample was obtained by sending a survey instrument to anaccessible population of second, fourth, and sixth' grade SCISteachers in a metropolitan school district in Kentucky. Of the269 teachers receiving the instrument, 146, or 54%, returned ausable set of responses. Results indicated a strong preferencefor sclvnef, over the other subject areas ranked. The flexibleactivity orientation of the SCIS program seemed central to theperceived advantages, while the language skill requirements andthe difficulty in concepts and terminology were the majordisadvantages identified. The feelings of adequacy for teachinghandicapped children were judged to be less desirable tian thepositive feelings with which the task is approached. While the
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results of the survey cannot be generalized to elementary level
science qtnerally, or even to the national sample of SCIS
teachers, the findings do suggest that SCIS can work toll for
handicapped children. BCCDUAN of the potential benefits of
science for the handicapped, replication of the survey in school
systems using SCIS and other science prograMs seems warranted and
is roulmended.
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Sessio b-21

A COtIPARISON OF TgE REASONING ABILITY or
GIFTED AND flAINSTREAMED STUDENTS

ichael Piburn
Wesstminster College of Salt Lake City

1840 S. 1300 E.
Salt Lake City, UT 84105

Morris Enyeart
Woodbridge Board of. Education

Woodbridge, NJ 07095

ABSTRACT

A sam:le of 217 students from an elementary school Gifted and
Talented program with an emphasis on science here compared to a
group of older mainstreamed students, and found to be accelerated
by two to three grade levels,.

neat,,drei used in this assessment were a battery of Piagetian
tasks (controlling variables, combinations and probability), a
miaasure of propositional reasoning ability (Propositional
Reasoning Test) and a variation of the four-card hypothesis
testing task. The differential success of the G&T students over
the eor6parison group suggests that they are truly gifted in regard
to very basic reasoning skills.

The criteria for inclusion in such programs vary from case to
case, and are rarely well defined. Standardized aptitude tests
may be appropriate for an academically oriented acceleration
program, but probably are not for local pullout enrichment
programs. A more general battery of reasoning tasks, such as
those 'd!"ed in this study, should be included in the selection of
students for such G6T programs.
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Session U-21

TEACHING SCIENCE TO GIFTED CHILDREN:
THE MODEL AND THE MESSAGE

Lila F. Wolfe
McGill; University
3700 McTavish Street

Montreal, Quebec, Canada 113A 1Y2

AESTRACT

This paper is concerned with the kind of messages about
science conveyed to 23 young gifted children dering the
utilization of a particular teaching model. Five science lessons
were analyzed by applying a newly developed scheme to the
classroom interactionsboth discourse and science activities.
The scheme enables one to identify three views about science: two
polar views of sensationalism and formalism, and a rational,
balanced via media view. The clues of the scheme also reveal how
thes views are being conveyed to the pupils. The pedagogy in
this gifted class involved the, application, by a "master" teacher,
of the Calvin Taylor Multiple Talent Appfoacha teaching model
which focuses on developing *ix talent areaw-in order to enhance
the inquiry skills of gifted and talented children. The talent
areas include creativity and decision-making talents, planning and
forecasting talents, communication talent and thinking ability.

Recognizing that gifted children have more general knowledge
and more varied experiences than pupils not so identified,'it was
hypothesized that application of'the Taylor model would facilitate
the children's acquisition of a via media view about science.
This was not borne out. Analysis revealed that only two of the
six inquiry skills were being developed during the lessons. and in
such a way as to convey a sensationalist view of science more
often than a via media view. The results of this study could have
important implications for teaching science to gifted children and
for planning and implementing new science curricula in these
classes.
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Session C-1

STUDENT CONCEPTIONS or NATURAL SELECTION
AND ITS ROLE ISM EVOLUTION

Beth A. Bishop
Michigan State University

100 North Kedzie hall
East Lansing, MI 48824-1034

Charles W. Anderson
Iiichigan State University

Department of Teacher Eddcation
rast Lansing , MI 48824-1034

ABSTRACT
0

Students in a college non-majors' biology course were given
pretests and posttests designed to assess their coAiceptions of
na ural selection and its role in the evolutionary process.
Stu e were also.asked whether they believed the theory of
evolution be true, and they were asked to describ2 previous
coursework ii biology.

Analy is of test results revealed three important respects
i-which aos students had misconceptions about the process of
natural select ion:

1. Gri in and survival of new traits in populations.
Biologists reco nine that two distinct processes, fundamentally
different in caul,e and effect, affect traits exhibited by
populations. Newktraits originate due to random changes in
genetic material, then survive or disappear due to selection by
environmental factors. In contrast, students generally recognized
only a single global change process, attributing changes in
species characteristics to necessity (a trait was needed for
survival}, to use or disuse of organs, or to adaptation by
individuals. In general, students made no distinction between
mechanisms leading to the appearance of a trait and mechanisms
leading to its survival within a population.

2. The role of variation within a populatio,,. Biologists
recognize that populations evolve because some individual members
of a population possess a reproductive advantage over other
individual members. Most students, however, saw evolution as a
process that molds or shapes the species as a whole.
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3. reolution as toe changing proportion of individuals
with dist.rete hic:ugists recognize that now traits arise
thiough discrete ehanee, in/olving individual organisms.' Those
traits then gradually become established in a population.
Students, however, attributed this gradual or progressive quality
to changes in the traits themselves, describing the traits as
slowly improving 'or deteriorating from one generation to the next.

Pretests indicated that virtually none of the students
understoud,,any of the three key conceptions described above at the
beginning of the course. ThiS was true even though 88% of the
students had taken at least one year of biology before beginning
the course, and 37% had taken two or more years. There was no
relationship between pretest performance and previous biology
courscwork. These results indicate that most presently used
methods for teaching about natural selection are ineffective for
this population.

Student perfoimanee was improvid by the end of the course,
which included special activities di-' geed to help students
overcome their misconceptions. 'the three biological conceptions
described above were understood by 53%, 57% and 63% of the
students, respectively.

The course did not substantially alter student beliefs
about the truthfulness of evolution. Fifty-three percent of the
students taking the pr test believed the theory of evolution to be
true, 123 false, and 311 were undecided. Posttest percentages
were similar (59% true, 18% false, 24% undecided). There was no
relationS'hip between student understanding of natural selection
and beliefs about the truthfulness of evolution, and an improved
understanding of natural selection did nut generally lead to
increased acceptance of evolutionary theory. Student beliefs
about the truthfulness of evolution (both positive and negative)
generally scorn to be based more on religious or metaphysical
commitment:.; than on an analysis of scientific evidence.
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Session C-1

PHILOSOPHICAL ursmicH ON THE PROBLEM CF THE
UNLEARNING OF INCORRECT SCIENCE CONCEPTS

J. Preston Prather
University of Georgia

Department of Science Education
Athens, GA 347602

ABSTRACT

Philosophical research methods were applied to the problem
of unlearning incorrect science concepts to clarify basic
questions for which other forms of research may be indicated.
Research on children's thinking about science has indicated that
studerts.do not enter their first science studies ignorant of
science. Rather, they may hold quite sophisticated and
iaginative 'ideas about science. Those based on sound scientific
information constitute a basis for further science education.
Those based on intuitive misconceptionS, naive inferences,
incorrect logic, and so forth may be inadequate, incorrect, or
otherwise unacceptable. Research has further indicated that,
because such misconceptions may be based on put,losive thought,
meaningful experiences, or authdritative non - science sources,
students may hold on to certain misconceptions despite subsequent
science instruction. Assuming that the retention of such prior
notions precTudes subsequent learning of "correct" science
concepts, it is do the interest of science education to help
students'unlearn and replace them.

The purpose of this research was to generate ideas about
ways science teachers might help students recognize and unlearn
erroneous notions and replacCkthem with sound new science concepts
without Lissenirj students' intellectual self-confidence or
otherwise alienating their receptivitiy to new science learning.
Piaget's constructivist theory of cognition and Ausubel's theory
of meaningful learning were accepted as credible bases for
philosophical speculation about ways science teachers may create
sufficient cognitive dissonance to help students recognize and
replace erroneous notions of science with meaningful new
knowledge.

Philosophical analysis o ommon misconceptions among
science students revealed an appa ent similarity with certain
outdated science concepts'. A re iew of researcp in the history of
ancient, medieval, and modern science confirmed several once valid
but now outdated or rejected scientific concepts--some of
Aristotle's anc Galileo's ideas about motion, for
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PIAGNOSTIC TEST:'. TO EVALUATE STUDENTS'
MISCONCEPTIONS IN SOIENCE

bovtii F. Treaqust
;e:A. In Australian Institute of Technology

Eent Street
Me,tley, i,ustern,Australla G1V2

AUSTRALIA v

AL:STRACT

Since the beginning of the decade, there has been a growing
interest III students' ri,isconceptionsfin science. The usual means
for obtaining information Lb() t. student misconceptions has been
through indi,vidual student in erviews on specific science topics
using a variety of formats. One pertinent criticism of this means
of collecting information is its lack of direct utility to the
clas;,room teacher.

One way to more easily identify mis ceptions of j group
of :,tadehtn taught by a teacher. is to use a encil and paper
multiple choice diagnostfic test which has items specifiCally
designed to identify conjeptual misconceptions and
misunderstandings. This paper describes the development of such
filaqr,eF.tic tests j11,1 illustrates their use in identifying
mit,concept,ions in LI,0 students' unde rntanding of the chemistry
toiti covalent bonding, and the biology topics, photosynthesis
and respiration.
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Sesion C--1!

VALIDITY COI6IDLNATIONI; VON TUF, oF FORNAL
RLASuNING ADILITY AND INTEGRATED

SCICNCE pRocuss SKILLS

Uilliam E. Daird
The University of Texas at Austin

Science Education Center
EDS 340

Austin, TX 78712

Gary D. Berich
The University of Texas at Austin

Deartment. of Educational Psychology
Au.,tin, TX 78712

ABSTRAcT

Recently a number of studies have reported a high
corielation Eetween the supposedly separate traits dezCribed as
qnttirateo "cicnLe process skills and formal reasoning ability.
The iviplication has been that these two constructs are different
but ielated. Implications have been made that a tri,atment to
enha.lev one trait might intluenCe the other as a result of some'
cause -e, sect relationship.

It would seem reasonable to consider whether these
constructs are separate traits, or perhaps manifestations of some
third trait such as general intellect. Research directions would
be alter. 1 by this finding.

This study measured these two attributes using different
instruments in order to ass2ss their discriminant and convergent
validity. Results indicated that the two traits share more
variance,. than expected, au that they may not comprise distinctly
difterent traits.
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Session C-2

TEL LFFECTS or TEACHING LOGICAL REASONING
UPON ",STUDENTS' CRITICAL THIrKING

AND SCIENCE ACHIEVEHENT

Linda W. Crow
iiodt:ton Community College System

22 Waugh brive
Houston, TX 77007

Sue A. flaws
Houston Community College System

22 Waugh Drive
Houston, TX 770V7

ABST!theT

'me of the goals of science education has been to develop
iientifically literate and concerned individuals with a high
competence fur rational thought and action. Science by its very
nature a logical discipline that requires certain rational
thinking skills to solve problems.

In a rapidly changing society and scientific society, it is

essential for individuals to think rationally and critically. The
eduLational environment is the logical place to foster the
development of rational and critical thought in science, and
particularly in geology. Currently the educational system does
not provide a specific program, in geology designed to assist
student growth in rational and critical thought. In order to
develop such a program, a determination must firs':. be made of the
approptiat intellectual tool, namely logic, to be integrated
directly into a course of geological study. Further a determina-
tion rust also be made of thi.: appropriate methodologies/strategies
needed to assist teachers in actualizing this growth in their
stedents.

This ;:tudy explores the development of a geological course
based on rational and critical. thinking. The course incorporates
locale into a geology course designed for nonscience majors. This
study os:,usses its usefulness in not only increasing achievement
in geology but also increasing critical thinking.

The data were analyzed using a multivariate analysis of
covariance (fIANCOVA). The results, including post hoc conclusions
and implications, will be discussed during the presentation,
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THL DEVELOPNENT OF STUDENTS' LOGICAL THINKING'
ABILITIES IN A PHILIPPINE SECONDARY SCHOOL

Joseph P. Riley II
University of Georgia

Department of Science Education -

Athens, GA 30602

Laureana G. Chuapoco
Narikina ,Institute of Science and Technulow,

Manila, Philippines

ABSTRACT

The purpose of this investigation was to measure the
developiwnt or Filipino secondary school students' logical
thinking abilities and to determine if this development was
ilar ior both males and females across all four years of

schooling. The available population consisted of secondary school
students at the Narikina Institute of Science and Technology in
Harikina, tfttio Nanila, Philippines. Fifty students were randomly
sapled from each of the four years of high school and
administered the Group AsSessment of Logical Thinking (GALT).
Preliminary descriptive analysis shows an overall trend of
increasing logical thinking ability from the first through fourth
year Hales scored higher than females at all -;:ade levels, with
the range between group means increasing with each successive year
of high school. Gender differences were not evident on each item
at each grade level: For example, on an item measuring
combinatorial logic, differences between groups in the second year
of high school did not show up in the comparisons between groups
in the fourth yea:. These results correspond with findings of
similar studies conducted in the United States and have
implications for both Arne' an and Philippine science educators.
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UMT1NG Ai; A PiWC1:SS IN .A UNIV RSMY
PWI'SICAL SCICNCE CLASS

Paul F. Otto
University of South Dakota

106 Delzell
Vermillion, SD 57069

ABSTPACT

;riting in gcncral is purport 2d to be an all-important,
iLost neglected area in education, es'ecially in the area of
teaching Lcience. Several recognizeA authorities in the field of
writing advocate that writing be taught in all of the disciplines
as well as English. The teaching of writing as "a process" ratherthan a "proklact" is also being suggested by writing authoritiesand t'.iru proects,

ini, utudy wi t. conducted to determine the effect of writing
as a "proces:;" rather than a "product" on the writing competency
of student:, in 3 university Physical Science for f:lementary'
Teachers C101,:. 1. prete::it/posttest/Contrul Group design was
implemented.
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rAcToN; AFITCTING TUL PLESISTENCE 3F
UOMEN UflIVLRSITY STUDENT IN

!XIENCE AND TrCHNOLOCY

Constance C. Holden
Bangor Community College of the
University of Maine at Orono

Eastport Hall
Bangor , MC 04401

Ann K. Schonberger
Bangor Community College of the

U-iversity of Maine at Orono
Eastport Hall

Langor, ME 04401

AUSTRACT

The purpoles of this study, carried out at the main campus
of a landqr.int university in the northeast, were twofold. One was
to study .ate s of persistence of.uhdergraduate women students
majoring in science and technology compared to that of men in the
same field- over a two-year period. Students participating were
sophomores or seniors in two-year or four-year programs.ranging
from male-ddminated fields like Engineering Physics to majors such
as Food and Nutrition which are taken mostly by women. The second
purpose was to explore factors associated with persistence (or
lack of it) in these fields, especially those factors which can be
infl;enced by the undergraduate environment. Three areas of
associated factors were chosen because they seemed intrinsically
related to success in science and technology and because
gender-related differences had been observed in previous research:
mathematical pe.formance, social support, and experienCe with
machine and tools.

Some of the data were obtained from the registrar's office:
college, sex, CPA, date of birth, earned credits, sATn, SATV math
and physi-s courses taken and grades received. The rest of the
data were gathered by a three-part questionnaire assessing
experience with common mechanical tasks and social support two to
three semesters earlier ani. at the time the questionnaire was
distributed. Over 600, questionnaires were mailed out and 366
usable forms were returned ;62%).

Analysis of the data revealed that three groups of
nonporsisters existed:
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1. .,tudent, who transferred out of science majors,

2. students who traw,terred into science majors
from nonscienLe majors, and

3. students who switched from one science major
to another.

Although the persistence rates were similar for males and females
the type of transfer mode differed. gales were more apt to
train-Jur out of sciene, while females transferred from one
science to another or into science.

becad;.e of the small numbers of male and female
nunpersiiiturs in each category, the types of statisticiel analyses
were limited, and most were done through a Chi-square analysis
leading to the following conclusions:

1. hale nonpersi,ters had poorer academic records than had
the female nonpersisters a, evidenced by GPA, math and physics
grade,.

2. perceptions of social support by the academic staff
differed for w'Dmn and men as well as persisters and
nonper,,i,ters. There is even an indication that social support is
more important for women than fur men in their persistence in what
arc nontraditional majors for women.

3. The result f rh mechanical experience questionnaire,,
while inconclusive, proved interesting. There was a tremendous
gender-related diffezonee, but this" did not appear to affect
either academic performance is evidenced by course grades or
persistence.

The ri,ults of the study would indicate that persistence
rates for women in science and technology might he enhanced by
improving the academic climate for women. Recruiting more women
faculty in science and technology should be a hieh priority for
this university. bore Importantly, emphasis should also be placed
on sensitizing existing academic staff to the (perhaps greater).
need_, of womcn students for social support.

Fi
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Session C-3

TIT EVEECTS OF KINETIC STRUCTURE AND MICROGRAPH
CONTENT ON ACHIEVEMENT IN READING MICROGRAPHS

EY COLLEGE BIOLOGY STUDENTS

, .

Virginia Abbott Johnson
Towson State University

Biology Department
Towson, MD 21204

J. David Lockard
Science Teacher Center
University of Maryland

College Park, MD 20742

ABSTRACT

The cffects of kinetic structure and micrograph content on
. student .achievement of reading micrograph skills were examined.
One hundred introductory college biology students at an eastern
state university participated in the. study that examined both
knowledge dquilAtion (short-term learning) and knowledv
r(.tention (long-term learning).

kinetic structure, defined b9 (. Roger Anderson as the
serial order An whith sutOuct matter is presented and the
relatedness of contiguous discourse units in verbal communication,
was one independent variable. Students were randomly assigned to
one of two treatment groups: low kinetic structure or high
kinetic' structure. The low kinetic structure group listened to an
audiotape with U' average value of .20 in the audiovisual tape
portion of the instruction. The.high kinetic structure group
listened to an audiotape with an average Bl value of .45 in the
aJdiovisual tape portion of the instruction.

Micrograph content was the other independent variable.
Students were randomly assigned to one of two treatment groups:
varied micrograph content or unified micrograph content. The
varied micrograph .content group used micrographs of Tetrahymena,
Euplote, Paramecium, Stentor,.and Blevhariama e -,ng the practice
sesions of the instruct on. The unified microg...ph content group
used micrograph, of Tetrahymena only during the practice sessionS
ci the instruction.

The students received three instructional units: Reading
Light Micrographs, Reading Transmission Electron Micrographs, and
Reading Scanning Electron Micrographs. Each instructional unit
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consisted cat an audiovisual pu portion and a micrograph practice
sebi,ion An achievement >tl was administered 48 hours after the
last in"Tructional unit to st Knowledge acquisition. The same
teitit wa!, administered three or more weeks after the instructional
unit to test knowledge retention.

The achievement measure was divided into two tests that
identified the two dependent variables: understanding general
concepts achievement, Test,,C, and reading micrographs achievement,
Test 1:N. A repeated measures analysts on variance (t1ANQVA) was
performed on the data.

At an alpha of .05, the effect of kinetic structure on
student achievement of understanding general concept:. related to
reading micrographs, Test G, was significant. Time between
testing, micrograph content, and the interaction hetween kinetic
structure and micrograph content were not sig-nificant. Students
receiving niqh kinetic structure in the audiotape of the
audiovisupl portion of the instruction demonstrated a great6r
mastery of general concepts about reading micrographs than
students receiving the low kinetic structure audiotape in the
auo.ovisual portion of the instruction.

At an alpha of .05, the effects of mic.ograph content and
time between tebting on reading micrographs -achievement were
siqnificant. "1:ineticostructure and the interaction of micrograph
,content and kinetic structure were not. Students receiving
unified micrograph content in the practice sessions,of the
instruction demonstrated a significantly greater mastery of
reading micrographs than did students receiving varied micrograph
content in the practice sessions of the instruction. Time between
teztind was a tIgnifieJnt factor; the grand mean for reading
micrographs, Test Wl, was "47.65 for tk,e knowledge acquisition test
and 43.62 for the knowledge retention tust. An examination of the
cell mean revealed a comparable less of knowledge over time in
each of the tour treatment groups.
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Sist.qr)n L-4

CHANCES IN TEACHERS' ACHIEVEMENT' IN SCIENCE
AND ATTITUDE TOWARD TEACHING SCIENCE DUE
TO MATCHING AND MISMATCHING scirNcE

ACTIVITIES WITH ,LEARNING STYLES

Catherie R. Conwell
The University of North,Carolina at Charlotte

Char lotte, NC 28223 n

Stanley L. Helgeson
Tne Ohio State University

Columbus, CH 43210

AL;STRACT

The purpose of this research was to examine the effects on
achievepent and attitude of the interaction between specific types
of leatners as assessed by The Myers-Briggs Type Indicator (WTI)
and science learning activities designed to corresponc to MBTI
types.

4

A simplified model of the MDT' with 'our types was used:
sensing-feeling (SF), sensing-thinking (ST) intuitive-feeling
(NC) and intuitive-thinking (NT). Of the 9 elementary teachers
who participated in this study, 56 were SF farriers while. the
remaining 40 were non-SF types (ST, NT and Nf types).

Since the majority of teachers were of the SF type, the
science activities that were .atched to the teachers' type
exhibited SF qualities. On the other hand, the science activities
that were mismatched to the teachers''type had characteristics of
the NT type. A Validation Committee rated each activity accordin,4
to the degree the activity exhibited "SFness" and "NTness."

Fifty -three teachers used the activities matched to the SF
type, while 43 teachers used the activities mismatched to the $E.
type.

All paticipants took the following tests:

1. Myers-Briggs Type Indicator (MDTI).

2. Science Knowledge Pretest and Posttest (SRT)..

3. Attitudes Toward Sciente and Science Teaching
''Pretest and Posttest (ATSST).
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4. Attituoi.s Toward Learning Activities (ATLA)
'following each activity.

A multivariate analysis of variance (11ANOVA) was run on the
data and no significant differences between treatment groups an
the SKT and the ATSST were found.

Evvn though univariate analysis of variance on the ATLA did
not reveal significant differences for SF and non -SF types,
internal analyses were done on individual activities with Duncan's
post hoc test. The results showed that the activities that were
rated being well matched to the sr type by the Validation
Committee received significantly more positive ratings by SF types
than by non-Sr types. Likewise, if activities were rated as
extremely mismatched to the sr type then they received
significantly less positive ratings by SF types than by non-SF
type: It would appear that a person's attitude toward a learning
activity carl he improved by designing learning activities which
are well matched to a student's type.
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Session C-4

TEACHER MANAGEMENT AND STUDENT ENGAGEMENT
IN HIGH SCHOOL SCIENCE

James J. Gallagher
Michigan State University

3.27 Erickson Hall
East Lansing, gI 48824-1034

Kenneth Tobin
Science and Mather;atics Education Center

Uestern Australian Institute of Technology
Bentley, WA 61L12

ABSTRACT

The paper describes a study conducted in science classes
from grade!; U to 12 in two high schools in the metropolitan area
of Perth, western Australia. The purpose of the study was to
investigate Lxience teachers' roles in managing student discipline
and in promoting and maintaining a productive learning
environment. The three types of intact classes were involved in
the study: unstreamed grade 8 classes, streamed classes in grades
9 and 1C formed on the basis of science adility, and classes that
comprised students who had elected to study additional science in
grades 11 and 12. Each of the 15 teachers involved in the study,
Was observed on several occasions with at least three classes from
two or more of tF.e above categories.

Broadly speaking, teachers managed the pace and type of
activities and the type of student engagement to ensure that the
planned work was completed. As a consequence, teachers taught in
a whole class interactive mode for a significant proportion of the
time and tended to interact with a limited set of "target'
:.;tudenttl. Thus, most students were not overtly engaged. There
was also a tendency for teachers and students to adopt strategies
that resulted in a reduction in the cognitive demands of'the
academic work. These observed strategies were consistent with the
overall hypothesis that the focus for science instruction was on
completing the academic work (covering subject matter content)
rather than on teaching and learning science. The paper also
discusses management of laboratory activities and activities that
involved students in an individualized form of engagement.
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I;ession C-4

NEASCRING FFFECT OF' INQUIRY SCIENCE INSERVIGE EDUCA'AIC!,
P/MICIPANT TEACHING nUFHOUCLUY AND ON gNOWLEDGE

ORGANIZATION AND COGNITIVE PERFWVIANCE LEVEL CF
'ELEnENTARY SCHOOL STULENTS

Suzanne Bryan Heard
The University,of Oklahoma
Physical Science Center

Norman, OE .73069

Edmund A. narek
,e University of Oklahoma
:hySical Science Center

Normam, CI; 75069

ABSTRACT

-Research ha;; helped to identify the fundamental skills that
should be developed in an inquiry science program: observing,
descrl,bing, comparing, classifying, using numbers, measuring,
interpreting evidence, inferring, predicting, and experimenting.
An NSF-sponsored inservice workshop was designed to help
elementary school teachers develop these skills.

,Participating teachers were instructed in the learning
theories of Plaget and the developmental levels of their students.
The workshop provided the teachers with experiences to help them
deve.op classroom environments conducive to implementation of an
inquiry science program. A teaching procedure, the "learning
cycle," actively involved them in experimentation, discussion of
scientific processes, and scientific record keeping and data
analysis. The workshop experiences also prepared the teachers to
match their teaching procedures with the level of intellectual
development of their students.

The workshop participants were matched with a control group
of teachers who utilized the exposition method (reading and
memorizing science concepts) when teaching science. A pretest-
postteSt design was used to measure the effects of the inservice
workshop on participant teaching methodology and ultimately on'the
knowledge organization and cognitive performance level of their
elementary school students., The students were interviewed
utilizing three Piagetian taski-, (liquid, length, and weight) and
six objects (a magnet, a cotton ball, a marble, a seashell, a
wooden square and triangle, and three bars of diffeting materials)
which they were to describe. Comparisons between the experimental
and control groups were made noting the usage of prop-rty words,
organization of information or knowledge, And willingness to talk.
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The nature of this research involves a thorough analysis of
both the do:1*room environment and the student interviews. For
these reasons, an anthropological approach will be used for data
analysis. The data collection will be completed May; 1,85.

4P
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Session C-5 0

RELATIOrSHIPS DETWEEN POldIAL- OPERJ,TIONAL THOUGHT
.

AND CONCEPTUAL DIFFICULTIES IN GENETICS
pRoBLEm SOLVING

ti

Michael Gipson
Oklahoma Christian College

Route 1, Box 141
Oklahoma city, OK 73111

Michael R. !Ibrahim
University of Oklahoma

Department of Chemistry
Norman, OK 73019

ABSTRACT

Seventy-one college general biology students were taught a
unit in Mendelian genetics by the traditional' lecture method.
Emphasis was placed on meiotic formation of gametes, the Law of
Dominance, the Law of Segregation, and the.Law of Independent
Assortment. The Punnett square model was used for all practice
problems. To build Punnett squares, students were required to
identify the gamete types that could be produced by parent
organisms; they were then asked to identify phenotype and genotype
ratios from the resulting zygotic combinations. Estimations of
the probability for gamete,formationeor zygote combinations were
also re;uired in practice prOblems. A unit test was followed,
eight weeks later, with a content validated post-test to evaluate'
the students' retention of-problem-solving skills.- Both test.
required students to use proportional reasoning (identifying
ratios from the Punnett squares), combinatorial reasoning
(identifying combinations of gametes from parental genotypesA4 and
probabilistic reasoning (estimating gamete or offspring
probabilities). Each of the seventy-dne students was also given
three Piagetian interview tasks to evaluate his intellectual
development in the areas of reasoning under question. The balance
beam task, the electronic switch-box task, and colored squares and
oiamonds were used to test for proportional"reasoning,
combinatorial reasoning, and probabilistic reasoning respectively.
Pearson correlations and factor analysis failed to chow direct..
relationships among Piagetian tasks for the three pnds of
reasoning and their corresponding occurrence in genetics problems.
Some correlations Were higher between different reasoning types
than between similar types. Combinatorial with proportional
reasoning on the post-test and interview tasks had a correlation
of .44, while proportional with proportional from the same tests
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correlated at .32. Analysis of variance sholVed significant
differences for 411 three reat_ining types 'among concrete
operations , transitional and formal-operational students in boththe unit test and, pest-test. Post hoc analysis of ANOVAs
Indicated that formal-operational students had significantly more
success in the three reasoning areas than transitional students,
and transitional students had significantly more success than
concrete-operational students.
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Session C-5

MEASURED rOPIIAL THOUGHT AND THAT REQUIRED TO UNDERSTAND
FORMAL CONCEPTS IN COLLEGE LEVEL PHYSICAL SCIENCE

Robert D. Boram
Parkview Adventist School

4201 N. Eastern
Oklahoma City, OK 73111

Joiin W. Renner
University of Oklahoma

Department of Science Education
Norman, OK 73019

ABSTRACT

In The Growth of Logical Thincing, iaget and Inhelder
describe the operations and schemata IsTliC are postulated as being
the characteristics of formal operational/ thought. Those formal
thought characteristics, therefore, are Ased in solving problems
which require formal thought. The hypotibesis can be made,
therefore, that persons wnc, possess cer/ain characteristici of
form:a thought will do better, on taski /judged as .requiring those
characteristics than those persons wholdo not possess them.

Using the individual intervimitechnique, 49 students
enrolled in a physics course for eleMentary teachers were
evaluated for their abilities to usW.combinatorial logic,
separation and control of variables6 proportional'reasoning, and
reciprocal implications. The pert6rmance of each student in the
interviews was treated as , was re of the degree to which that
student could function witt. those iluur formal-thought
,characteristics.

4

During one semester the students wev t.; given experience with
33 physics concepts using the learning cycle. Six of those
concepts dealing/With torque, electricity, optic/, and heat were
used in the research. Uhderstanding those concepts required using
one or more of the charaCteristicw of formal thought given
earlier. Questions to measure the tAiderstanding of each concept
were written and content! validated. The validated questions were
inserted into the five Oourse examinations at the proper time
during the semester. The atud)ints. success on the questions was
treated as a measure of Iheiriabilities to use the cha:ecteriStiCS
of formal thought in pr blem Aolving. Data were available,
therefore, on the forma thoy'ght characteristics the students
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possessed and their abilities to use those characteristics in
problem solving.

A total' of 52 correlation coefficients was computed between
the ability to use the formal thought characteristic in solving a
problem and to demonstrate possession of those characteristics.
Only eight of the correlation coefficients were statistically
significant and the largest was 0.34. The conclusion was drawn
that a non-significant relationship exist between the formal
thought characteristics required to solve a problem and
demonstrting the possession of those characteristics. 4;hen
success on each of the interview tasks was correlated with success
on each of the other tasks, all the coefficients were
statistically significant and moderately high. That_finding led
to the conclusion that success on a problem which tequires formal
thought depends upon an overall formal-thought structure.
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MEASURED FORMAL THOUGHT A'M) THAT REQUIRED TO UNDERSTAND
romm, CONCEPTS IN SECONDARY SCHOOL BIOLOGY

John W. Renner
University of Oklahoma
Phls.cal Science Center

Norman, OK 73019

Jean McGregor Cate
Norman Public Schools
Science Consultant
Norman, OK 73069

ABSTRACT

Growth of Logical Piaget and Inhelder
describe the operations and schemata which are postulated as being
the characteristics of formal operational thought. Those formal
thought characteristics, therefore, are used in solving iroblems
and responding to questions which require forMal thought. The
hypothesis can be made, therefore, that persons t'!ap possess
certain characteristics of formal thought will do better on task:
judged as requiring those characteristics than those persons who
do not possess them.

Wling the individual interview technique, 22 students
enrolled in secondary school biology were evaluated for their
abilities to use combinatorial logic, correlation reasoning,
separation and control of variables, exclusion of irrelevant
variables, proportional reasoning, and probabilistic reasoning.
The performance of each student in'the interviews was treated as a
measure o' the degree to which that student could function with
those six formal-thought charaCteristics.

The research began by preparing several biology questions
which required one or more of the foregoing six formal operations,
in responding satisfactorily. The questions were content
validated and the operations required were also judged. Both
validations were done by panels. Only two questions survived both
validations.

Question One was judged to require correlation reasoning,
combinatorial logic; separation of variables and exclusion
reasoning. The 22 students, therefore, could have shown formal
thought 88 times; only 14 such instances were found. QuestAor.
was judged to require combinatorial, probabilistic and
proportiOnal reasoning and the separation Of variables. Alain IL
was possible to demonstrate formal thought on Question Two 88
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times; formal thought was demonstrated 25 times. At no time were
the specific formal operationA indicated by ti,e panel as being
needed to solve Question One used by the 24 students who
demonstrated on the tasks they could use those specific
operations. Only seven times -- of 25 possible -- on Question Two
were the specific formal operations used that were cited by the
panel as being necessary to produce a satisfactory response to
that question. In a very few cases formal thought was
demonstrated on the questions but had not been demonstrated Outing
the interview. Those few deviations will be treated in the
presentation.

lo view of the data cited earlier, the conclusion was drawn
that using specitic tormal operations with which students
demonstrate they can Linction, is not a good predictor of success
on a clut;StIOn whose satisfactory response requires those specific
formal operations. The explanation for that conclusion, we
believe, in found in the fact that, with one exception, success on
the interview tasks are highly correlated with each other. That
piece of empirical data points to the unity of formal thoughts.
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Cession C-6

A CAUSAL MODEL "DOR THE DEVELOPMENT OF SCIENTIFIC
REASONING IN ADOLESCENTS

Carol L. Stuessy
Worthington City Schools

Perry Middle School
2341 Snouffer Road

Worthington, OH 43065

ABSTRACT

This disseration research involved the formulation and
testing of a model for the development of scientific reasoning
abilities in adolescents. Several potential determinants Included
within the model were chosen based upon the interpretation of
Piagetian theory regarding the development of formal operat'onal
thought in adolescents. Causal relationships among potential
determinants and with the ultimate dependent variable of interest,
Sf:ientific Reasoning, were hypothesized a priori with strong
theoretical and heuristic considerations and with support from the
results of previous empirical studies.

Variables in this study and their corresponding
instruments) were as follows: Experience (Cognitive and
Recreational Activity Scale); Locus of Control (Intellectual
Achievement Responsibility Questionnaire); Field
Dependence-Independence (Concealed Figures Test);
Rigidity/Flexibility (Ereskin's Ridigity Test); IQ (Short Form
Test of Academic Aptitude); Gender; Age; and Scientific Reasoning
(Scientific Reasoning Test). The instruments and a background
data sheet were administered to intact classes of middle school
(n2.106) and high school students (n -96) from an upper middle-class
suburb of Columbus, Ohio.

Hypothesized relationships among variables within the
posited model for Scientific Reasoning were tested by path
analysis. Multiple regressions were performed according to path
analytic methods in order to acquire standardized beta weights for
each of the hypothesized paths. These beta values were used as
path coefficients for each of the posited relationships.

Significant (p < 0.05) path coefficients were obtained for
these variablps and Scientific Reasoning: Age, IQ, Field
Dependence - Independence, and Experience. Age and IQ (with path
coefficients of 0.54 and 0.49, respectively) were stronger
determinants of Scientific Reasoning than were Field
Dependence-Independence (0.15) and Experience (0.11). An indirect
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effect of Locus of Control on Scientific Reasoning, through the
Meld Dependence-Indepedence variable was also supported, with an
Ctained path 'coefficient of 0.28 between Locus of Control and
Field Dependence-Independence. None of the paths involving sender
or Rigidity/Flexibility were statistiCally significant, and these
two variables were removed from, the revised'model.' The final
model, which included only variables for which there were
statistically significant path coefficients, explained 61 present
of the variince in Scientific.' Reasoning.

On the basis of these findings, suggestions are made
regarding further research and appropriate interventions which may
influence and/0r,, enhance the development of scientific reasoning
abilities in adolescents.
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Lession C-G

VALIDATION OF NIERARCHICAL RELATIONSHIPS AlIONG PIAGETIAN
COGNITIVE VODES AND INTEGRATED SCIENCE PROCESS SKILLS

FOR DIFFERENT COGNITIVE REASONING LEVELS

Kueh Chin Yap
University of Georgia

Department of Science Education
Athens, GA 30602

Russell H. Yeany
University of Georgia .

Deportment of Sciences Education
Athens, GA 3E602

ADSTRACT

In the post, attempts in relating the Piagetian cognitive
Reticles and integrated science process skills have been
correlational in nature. A hierarchical linkage among tfie
Piagetian cognitive modes and integrated science process skills
together with the methodology has been proposed. Since students
.in different Piagetian cognitive reasoning levels operate
differently in their thinking, it appears reasonable to
hypothesize that the hierarchical linkage at each level may by
different. The methodology used previously was psychometric in
nature. While it may be satisfying to determine hierarchies using
psychometric methodologies, it should be more helpful and useful
to science educators to determine whether the attainment of
subordinate skills can help facilitate attainment of superordinate
skills based on previous psychometrically determined 'best'
hierarchy. This procedure of determining whether attainment of
subordinskills facilitates attainment of superordinate skills
has been termed vertical transfer validation.

Thus the purpose of this study was to determine and compare
the 'best' fit hierarchy among the Piagetian cognitive modes and
the integrated science process skills for each of the Piagetian
cognitive reasoning levels: concrete, transitional and formal.
Furthermore, we were interested in determining whether the
best-fit nierarchies were confirmed by the vertical transfer
validation method.

Seven hundred and forty-one middle and high school science
students in grades 7 to 12 participated in this study. The gender
proportion in the sample was quite even, with 384 males and 355
females. One hundred and thirteen students were categorized at
the formal level of cognitive reasoning, 162 at the transitional
level and 46G at the concrete level.
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The best-fit hierarchies for the concrete and transitional
reasoning levels were obtained. The data from the transfer
validation procedure suggest that at the concrete reasoning level
and given the necessary prerequisites: (1) review on- designing
experiments can facilitate the achievement of identifying
hypotheses; (2) review on operational defining can then facilitate
the attainment' of identifying hypotheses; (3) review on both
operational defining and designing experiments can facilitate the
attainment:of identifying hypotheses; and, (4) review on
proportional reasoning can facilitate the attainment of
probability reasoning.

Presently, there is no evidence to support vertical
tionsfer of skills at the transitional reasoning level.

Science curriculum developers, instructional designers,
teachers, teacher trainers and researchers need to be aware of the
link and interdependence of both sets of skills. furthermore,
they need to be aware of the exact nature of the hierarchy for
different cognitive reasoning Science education
researchers need to put mere effort into this type research so
that the hierarchies obtained can be further refined.
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RritsoN11.;u PEST
.

Greg P. Stefanich
'UopartMent or Curriculum and Instruction

Lamar University Station
P 0 Box 10034

Beaumopt, TX 77710

ABSTRACT

This study was an investigation of the concurrent-validity
of two testa" of .cognitive development: one being task interviews
on ten operational measures of cognitive development describ ed by
Jean Piaget; the other, corresponding operational measures
contained in the Reasoning Test, developed by Paul Ankeny and Lyle
Joyce (1975). The Reasoning Test 4s a group instrument conoisting
of 30 objective questions which purports to provide an alternative
,to the individual Piagetian task interviews. The'operat ons
aasessed were: conservation of weight, conservation'of ength,
conservation of area, conservation of voluMe,,one-to-one
correspondence, class inclusion, transitivity, Euclidean pace;
spatiality, and velocity. Subjects in the study were 50 ourth
graders randomly selected from a population of approximat ly 150
students from a middle class agricultural community in northeast
Nebraska. The was 110.9 with standard deviation of 1 .6;
Subjects included 27 females and 23 males. The Reasoning.Test was
administered in two one-hour sessions. The questions were read
orally in addition to providing each Student with a printed copy
of the instrument. A series of task interviews, ona task for each

.

of the 10 concepts selected in the Reasoning Test, were
administeredtd each subject individually. Interview sessions
were normall conducted in a period of 12-15 minutes.

A cross-tabulation of the number of task interviews
achieved compared with the number of concepts achieved on the
Reasoning Test resulted in a correlatioa coefficient of .46. This
iLdicates a moderate, positive relationship between the two types
of tests. An analysis of the categorized data yielded a
correlation coefficient of Subjects were categorized as
concrete operational if they demonstrated competency on eight or
more of the ten operations a4sessed. The criterion level for
categorization was established using the recommendation
established by Paul Ankeny and LyleJoyce, developers of the
Reasoning Test. According to performance on both the piagetian
task interviews and the Reasoning Test, many fiSurth graders were
still pre-operational. Five students (10i) were classified as
concrete operational using the Reasoning Test, while 32 (64%)
students net the necessary performance criterion on the task
interviews. An area needing further research reflected in this
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study is an apparent discrepancy between cognitive level using
task interviews as compared to a group test. In this study, a
significantly large portion of students_demonstated concrete
operational thought process on task interviews as opposed to
printed oral questions reflecting the same operations.

r;

185

;05



Session C-7

IWtIAN AUD !ACHIM: DIACNCSIS 01 SCIENTIFIC
PROBLEM-SOLVINC ABILITIES

on Covd
Florida State University

Science Education
Tallahassee, FL 32306

Wyllis Bandler
Florida State University

Computer Science
Tallahassee, FL 32306

Robert Kromhout
Florida State University
Department of Physics
Tallahassee, FL 32306

ABSTBACT

The purpose of this long range study is to find answers to
the following questions: (1) How does an accomplished science
teacher diagnose the problem-solving ability of a student during
an individual help session: and (2) Can this diagnosis \be .

simulated by a machine?

Methods used are similar to those used by researchers who
have developed expert computer systems that simulate human
experts, particularly in the field of medical diagnosis with
systems such as !IVCIN and CADUCEUS. An interdisciplinary team of
faculty and students work together using procedures including:

1. Discuss with experts (scientists/teachers) the
general diagnostic procedures they use in trying
to help students on an individual basis.

2. Videotape diagnostic sessions and discuss with
the expert what was happening and why.

3. Determine what seems to be the content knowledge
and heuristics needed to solve specific scienne
problems.

4. Analyze the procedures used by experts and novices
us they attempt to solve sciesce problems.
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These psychological-type data are then used by the team of
researchers to build a computer system that simulates the expert
diagnostician. In this project (DIPS for Diagnosis for
Instruction in Problem Solving), the fuzzy logic system of Zadeh
is used o manage the uncertainty contained in the natural
languag% input of the user. flany.of the other procedures used to
build the DIPS system are similar to those described in detail in
Building Expert Systems by Hayes-Roth, eaterman and ienat.

Progress on this long-term research project thus far can be
summarized by the followine points:

1. An if,portant part of the effective teaching of
problem solving in science is diagnosis o( a
student's initial problem-solving state.

2. The success of various medical diagnostic expert
ysteids suggests that similar systems are possible
for diagnostic purposes in education.

3. A common technique used by human experts (accomplished
science teachers) during a diagnostic interview with
a student is 3 combination of problem posing and
iluctition asking. The diagnosis is usually inter-
woven with attempts at teaching.

4, A typical mechanics chapter in a high school physics
text contains about 5000 words, including about 80C
unique words. Of the unique words, only a few such
as velocity, acceleration, force, inertia, momentum,
translatory, NewtOn,'centripetal, centrifugal, slug
and dyne can be considered tr 5e uniquely in the
domain of physics. This suggests that the DIPS
system can operate with about 1(100 words in its
dictionary.

5. Graphics capability is extremely important in the
communication between the teacher (diagnoser) and
student about mechanics problem solving. This is
very likelyotrue for a wide variety of standard
problems in various science content areas.

6. The imprecise. or fuzzy nature of language in normal
human communications requires an appropriate logic
(Zadeh's fuzzy logic in this case) to handle the
uncertainty in the diagnostic interview.

7. Natural language processi-hg must be kept to a
minimum and "user-friendly" techniques to a
maximum in DIPS-like systems.
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Session C-7

TUE rrrrcTs OF TEACHING AN INFORMATION PROCESSING APPROACH TO
mourn SOLVING ON MATHEMATICAL CHEMISTRY ACHIEVEMENT,

OF COLLEGE STUDENTS

Diane M. Dunce
University of Maryland

Department of Chemistry
College Park, MD 20742

Henry Heikkinen
University of Maryland

- Department of Chemistry
College Pdrk, MD 20742

ABSTRACT

Students enrolled in a preparatory college. chemistry course
at the Universigy of Maryland, College Park were randomly assigned
to treatment orlIcontrol groups for one semester. The two g4oups
attended lecture's simultaneously in adjoining lecture halls. The
control group W36 taught dimensional analysis as its problem
solving strategy in dealing with mathematical chemistry problems.
The treatment group was taught an explicit approach based upon the
information processing model of problem solving.

Achievement for both groups, was measured on three regularly
scheduled hourly tests given during the semester and on the final
examination. Students' matheMatical chemistry problem and
non-mathematical chemistry content subicores were determined for
one preselected chemistry topic per test. These topics included
density, mole-based conversions, and stoichiometry. The final
examination subscore was a cumelative measure of all three topics.
Two covariates were used in this study -- Logical Mathematical
Reasoning pretest and the College Board Scholastic Aptitude
Mathematic Test (SAT-M).

The results were analyzed using a multivariate analysis of
variance prncedure (MANOVA). No significant difference was found
at the J5 sighificance level in the mathematical chemistry
achievement of tcosr students who received instruction in the
explicit problem solving approach and those who were taught
dimensional analysis as their problem solving approach.

The control group's pretew'. scores showed a significantly
higher correlation to achievement. scores than did the treatment
group's scores. Statistically equivalent positive correlations
were found between chemistry contest and mathematical chemistry
achievement for both groups.
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A significant negative correlation was found between
pretest scores (Logical Nathematical Reasoning Test) and extent of
explicit prblcm solving approach use within the treatment group.

A significantly higher mathematical chemistry achievement'
level.(F si 3.17, 2. ..T46) was found to ex,iSt for the treatment
group on the first test. Forty-four percent of the treatment
students showed written evidence of having used the explicit
problem solving approach on this first test. This percentage of
students using the explicit method was higher than for any other
test or the final examination.

Fifty-four percent of the treatment students answering an
.end-of-semester Ijuestionnaire reported that the explicit approach
to problem solving used in this Study was too time consuming.
Only 12% of the control students answering the same questionnaire
reported that their problem solving approach (dimensional
analysis) was too time consuming.
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Session C 0

A NEUROLOGICAL MODEL OF pRonum SOLVING
AND INTELLECTUAL DEVELOPMENT

Anton E. Lawson
Arizona State University
Department of Zoology

Tempe, AZ 652b7

ABSTRACT

A neurological model of the acquisition and dePloyment of
higher-order cognitive strategies is advanced. The model is based
upon Grossberg's neural modeling principles of learning,
perception, cognition, and motor control. Thus, the model
attempts to explain aspects of higher-order problem solvingjand
intellectual developMent based upon principles found app46able to
events at the level of individual neurons and neuron networks.
The method employed is to discuss basic neurological principles,
OA applied to classical conditioning and to the acquisition of the
relatively simple action of a child learning to suck milk from a
bottle. The neuronal networks developed to explain this behavior
will th7n be applied to the higher-order shift in problem solving
behavior from the child's incorrect use of an additive strategy to
the adolescent's correct use of a proportions strategy to solve
problems of quantitative proportional relationships. Piaget's
process of psychological equilibration will be explicited and
general educational implications will be drawn.
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Session C-2

HIGH SCHOOL GRADUATES' VIEWPOINTS ON
SCIENCE-TECHNOLOGY-SOCIETY TOPICS

Glen S. Aikenhead
University of Saskatchewan

Saskatoon, Saskatchewan, Canada S7N OU0

Reg U. Fleming
University of Saskatchewan

Saskatoon, Saskatchewan, Canada S7N Mie

Alan C. Ryan
University of Saskathewan

Saskatoon, Saskatchewan, CaMada 57N OWO

ABSTRACT

Overview

The purposes of this study were (1) to monitor student
Understanding of science-technology-society (STS) topics; and (2)
to do this in a unique manner that might lead to a new generation
of standardized instruments that .Would describe student viewpoints
on STS issues.

A sample of 10,800 graduating high school students came
from a stratified sampling of classrooms from across Canada, one
part of the Canadian YEA evaluation study. Each student was asked
to respond to a ,..Eatement concerning a STS topic by (1) stating
whether he or .ne aqrPed with the statement, dis'.areed, or
couldn't tell; PLUS (2) writing a paragraph vw4aining the reasons
for the choice.

The statemen'.:s came from an instrument comprising 46 items
based on 1.6 major topics found in the epistemology and sociology,
of science literature. Each student in a classroom reacted to as\
different statement. Thus, out of the 10,800 student responses,
about 236 addressed one of the 46 statements. A random 30% of
these were analyzed to tease out common viewpoints held by
students.

Findings

A general and important methodology point emerged. The
meanings students ascribe to a statement are often very different
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troll' the meaning touchers and researchers ascribe to the same
statement. This res;alt tluestions the validity of the convcisitional
manner, of interpreting ,,tudent responses to "objective"
standardized instruments or ,luestionnaires.

Among the mai.y findings, the following are offered as
typical examples. These are organized around three conceptual
tiwmes

(1) Inuractions Amonii Science, .Technolegy and Society.
!students were asked to respond to statements based in either a

i

technocratic or democratic view of socioscientific decision
making. Iseactions to the statement that "the political climat4 of
Canada has little effect upon Canadian scientists" centered ern /the
issue of government funding and research policy. i:urprisingly
insightful argurents suggested that since most research was funde.ki
by government, gove,:nment would control the way funds were
spent. An well government policy towards technological
development wu. seen as affecting a Scientist's choice of research
topic:3.

(ii) Chara7teristicz and Limitations of Scientific
Knowlkdlel Students offered a wide range of responses to the
statement that "many scientific models ... are metaphors or useful
stories; we should not belieVe that these models are duplicates of
reality." Those agreeing with the statement argued, for example,
that models are just helpful and useful for learning and
explaining. Thfl:A, arguing against the Statement based their
arguments in scientism. A third argument relied on the belief
that "authorttie.; (experts, teachers, and texts) say they are
true.'

(iii) Characteristics of Scientists. The statements on this
topic were designed to solicit responses from students on how they
view the scientist as a person and how this might affect the
l.nowledge generated by that person. The responses showed
considerable sophistication when reacting, for example, to the
Ids., that "tilt best scientists follow the steps to the scientific
method," wtt: many .students stressing the importance of
originality and the need to transcend any one method. Perhaps the
most pal,sionate recTonses were reserved for reacting to statements
concerning the higher proportion of male scientists in Canada in
comparison witt 'he number of female scientists. Both male and
female student gakie as a common reason the different
socialization laths.expericnced by boys and girls.
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Sv.:,sion C-9

L'CMVARATIVE f:FVECTIVENESL.OF INIY2EUCTIONAL :;TEATEGIES
Of, DFNELOPINC THE CELEICAL MOLE CONCEPT

Dolores Vermont ..,..

1;t. Louis Comm unity College-Fur Park
5G1 Oakland Avenue

St. Lewis, Missouri 631:1'ij

Judith Lo Faro
St. Louis Community College-Forest Park

5600 Oakland Avenue
St. Louis, Missouri 63110

Darts A. Trojcak
University Missouri-St. Louis

6O01 NatUral Lridge Road
Et. Louis, Missouri 63121

ALSTRACT

The purpose's of this study were to determine for students
enrolled in a freshmah chemistry program if the type of
instructional strategy used influences (1) learning of the mole
concept, and (2) the level of students' misconceptions concerning
selectee concepts related to the mole.

Three Instructional strategies derived from Piagetian and
Ausubelian theories was implemented in an urban community college
with freshmen chemistry students. One instructional strategy, the
learning cycle, was derived from Piagetian theory and is a
three-phase process: (1) exploration, (2) invention, and (3)
discovery. The second instructional strategy, cognitive learning
and development, was developed by I1ausmeier based on Ausubelian
theory. This strategy consists of presenting a formal definition.
of a concept, a list of critical and variable attributes, and a
list of examples and nonexamples. The third instructional
strategy, lecture-laboratory, consists of presenting the concept
in an expository format in a classroom setting. The student
verifies the lecture materials in a laboratory setting by
reforming experiments from carefully described procedures.

MI ex post facto, pretest-posttest, control group design
was used to determine experimentally the nature of the
relationship between teaching methodology to achievement level and
misconception level in selected chemistry content.
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Three instruments were used in this study: a math
achievement test, 'hurney's °Piagetian Objeceive rormal
Instrument," and the Achievement and risconceptien Tet (m T).
Additionally, students constructed concept .rriaps and Gcwin Vees
based on laboratory and lecture materials.

The sample consisted of 6C students enrclled.ro the
fundamentals of Chemistry courswat an urban community college
during the 19C3, fall semester. Two classes were taught in the
mole concept, over a period of five weeks, using the cognitive
learning and development !..trategy (CLD). One class was taught the
mole concept over the same period of time using the learning
cycle. The third class ued a lecture-laboratory format.

The data collected for this stud', were analyzed Using a
treatment 'y levels design where the students were matched on the
basis of p.etest scores. A three-way factorial analysis of
variance with repeated measures was used to analyze the data.

The results of this study indicate that, for this sample,
the three methods were equally effective when used to teach
various aspects of the mole concept. The results further indicate
that the three methods were equally effective in bringing about
conceptual changes in which knowledge concerning mass and volhme
as well as the particulate nature of matter matched the knowli!dsc-
structure of experts area.

student re.LIA>nser:, indicated that many students viewed
matter as being continuous. Students also viewed the removal of
air from a flask as leaving an empty space in the flask.

Confusion concerning the difference between mass and volw,le
was also noted.
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Session C-9

AN ANALYSIS or TRADITIONAL REPRESENTATIONS OF SCIENTIFIC
KNCCLEOCE FRO11 THE POINT or' VIEW OF AUSUBEL'S

THEORY OF LEARNING

Jose C. Otero
Departamento de Fisica
Universidad de Aleala

Alcala de Henarel, Madrid

ADSTRACT

Representations of scientific knowledge in secondary school
science curricula result from translating raw knowledge as it
appears within the context, of discovery to "public knowledge"
within the context of justification. This reformulation reflects
underlying epistemological assumptions on the nature of scientific
knowledge.

The resulting conceptual structure is analyzed from the
point of view of Ausubel's learning theory. Attention is focused
on two characteristics of this structUre: the arbitrariness of
concepts and the supression'of very inclusive ideas which could
play a role as subsumers. According to the analysis, these
characte7istics are seen as consequences of:

a. Nonexistence of problems: Concepts in science are not
introduced merely as logical possibilities which could enlarge the
content of a discipline but as a response to some outstanding
problem. Customarily science courses and tPxtbooks do not provide
the student with the problems but with the answers, that is,
explanatory concepts and principles.

b. Inductivkst structure: Scientific concepts result from
a psychogenetical stage, the production in the mind of the
creative scientist, and, later, an evolutionary process. Hiding
this from the student results' in presenting artificial constructs
whose only justification supposedly lies in the facts or phenomena
being explained.

c. Nonexistence of metaphysical beliefs: Science students
learn results as if they were a product of inspirations taking
place in an absolute idea`lonal vacuum. Consequently, ideas which
appear along history strongly linked to global conceptions of the
researcher (themata, ideals of natural order, metaphysical
beliefs) are stripped from any metaphysical trace and presented as
results coming from' nowhere.

Finally, a proposal is made to devise representations of
conceptual knoivledge leading to improved meaningful learning.
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First, to improve the nonarbitrariness of'conceptual links, the
obsolete el iricist theory of knowledge underlying traditional
science curricula should b abandoned. Concepts, in its final
form, should be presented as nonarbitrary responses tQ problems
which science faced along history. What is being prol_iosed, at the
epistemological level, is to introdCce genetic epistmology,as a
background to better representations of scientific knowledge with
teaching purposes.

Second, it is necessary tb make a connection with the most
stable and general ideas of the learner. This implies looking for
ways of establishing correspondence between the ideas which made
science intelligible to scientists along, history and the ideas

. which make science intelligible to our students.

9
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AN EVALUATION OF TEE SCIENCE A PROCESS APPROACh
FOR TRINIDAD AND TOBAGO (SAPATT) PROGRAM
,

Pamela Fraser-Abder
Faculty of }:duration

University of the West Indies
St. Augustine, Trinidad, V.I.

ABSTRACT

The Science-A Process Approach,for Trinidad and' Tobago
Curriculum developed from 1977-1984 is currently being used in
Grades K-7 in all public schools. This study attempts to evaluate
the attainment of the program's major otjectives in terms of the
children's.ability to use the process skills after six years
exposure to the program. Some attempt is made to measure
children's interest, active.involvement, achievement in the
liksson, as well as teacher'S enjoyment in teaching the lessons,
their opinion of the teacher's guide, the availability of material
and the teachers perceived need for supplemental reading material,
student workbook and further training. Data were collected by
means of a process test given to the children and a teacher
opinionnaire. The experimental group comprised'290 public school
students, while the control group comprised 258 private school
students. Their results on the process test were compared.
Seventeen (17) public school teachers who had been involved in the
development of the curriculum and who were now teaching it
completed the opinionnaire: The results indicated that children
who have been exposed to the six -years of SAPAT1' scored
considerably higher than those who were taught Acienc- using a2 .

,content rote memorization approach. The t-test, F-ratio and er
value were all significant at the .001 level of significance.
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A META-ANALYSIS OF LEARNING scuNcE CONCEPTS
FROM TEXTUAL MATERIALS

Willis J. Horak
University Arizona
College of Education
Tucson, AZ 65721

.0
ABSTRACT

This study utilized meta-analysis techniques to analyze the
effects of'different types of aids on learning science concepts

. from textual materials. The studies analyZed dealt with aids for
selecting .the important information contained in written materials
and aids foi building internal connections among the parts of
'printed materials. Thus, studies which pertained to advance
organizers and to student elaboration activities were not
considered. The relevant research studies were identified through-,
*a search of several data bases. Additionally, the yearly reviews.-
of research published in Science Education were utilized.

Relevant characteristics of the research studies were'e
identified and coded. Ceding of these characteristics allowed the
uniform examination of differing design features, dependent
variables, and outcomes. These identified features Were used to
block the studies so that the meta-analysis procedure could:be
focused upon several important research study variables.

The analysis of the resclrch studies produced various
results. First of all, the overall average effect size indicated
that students may be aided in their understanding of science
concepts from textual materials.- The overall effect size-was
positive. Second, the effect size varied considerably depending
upon the type of dependent measure. Last,.the results of blocking
the studies on other variables was not clear. Many of the

.computed effect sizes were small.,,

Learning from textual type materials and learning from
laboratory type situations will alwayi be two integral parts of
science education. Today, with the microcomputer being used to
simulate many laboratory type activities, knowledge about learning
from textual type materials may possibly become more important.
The present study indicates that most students can be expected to
benefit from forms of textual structuring that aid them in
selecting the important concepts and that also aid them in making

. internal connections within the presented materials. It is
possible that computer presentation of textual materiali will make
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.this even more feasible. This paper also discusses the research
questions yet to be studied khan we consider learning science
content from printed material's.
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UIIAT RESEARCH SAYS. ABOUT HEALTH EDUCATION: .

nurouT ou A META-ANALYSIS OF NUTRITION EDUCATION

Roger T. Johnson
Cooperative Learning Center
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Minneapolis, MC 55455

David W. Johnson
Coop°retive Learning Center

University of Minnesota
202 Pattee Hall

Minneapolis, MN 55455

ADSTRACT

Health education has been neglected in U.S. Schools. In
the elLlientary school setting, science education and physical
education have been playing a game of "give-away", each trying to
get the other discipline to take health as a topic. In the
secondary area, it has been an also -ran class or ncnexistant.
Yet, personal health rewains one of the more important are,
intrinsically motivating topics in our society.

The 197E NAM' survey of 17-year-os and adults indicated
that a significant portion of people's *!, wledge in the health
area comes after students lease school that up to a third of
the 17-year-olds could not pick a nutritious breakfast from
examples or knew what kind of foods ;Jroduced quick' energy. Even
more significant, the expert comment on the report reminded
readers that although people tend to be somewhat knowledgeable in
the areaj. they do not act on that knowledge.

This meta-analysis reviewed nearly 300 studies in the area
of nutrition education and also examined the effects of a number
of the characteristics used to the studies on results (including
age of subjects, random assi4nment of subjects, length of study,
etc.). Three methods of meta- analysis were used: a voting method
where each of the 3;897 findings were coded as negative impact, no
impact, and positive impact of instruction on nutrition knowledge,
behavior, or attitudes: effect size compariebnsi and a z-score
wherever enough information was given to do sp.

The review indicates thc.4. nutrition education does promote
more knowledge about nutrition practices, more positive attitudes
toward good nutrition and more appropriate nutrition behavior.
Although some of the characteristics did turn out to be
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significan. In their influence on the data (Length of Owe,
training of instructors, etc), there was not enough information in
many of the studies to look at internal characteristics with care.
However, a theory was developed from the synthesis of research for
explaining how a nutritional prod ram might work to influence
'knowledge, attitudes and behavior. The factors which seem to have
influence on effectiveness of nutrition programs arcs

1. Active involvement of pzrticipants.

2. Amount of instruction.

o3. Enowledge of instructors.

4. Vivid and personalized information.

5. Structured curriculum.

6. focus on nutrition in general rather than very
specific focus.

7. Assessment of pa ticipants' .nutritional needs
and use of this information in program.

G. Use of small groups.

N.
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A FACT01a ANALYSIS OF TUE SCIENCE TrAcurif
IuvrNTony OF NEED: NI:COMMENDATIONS AND MODIFICATIONS

Peter,A. Rubba
The Pennsylvania State University

Division of Curriculum and Instruction
178 Chambers Building

University Park, PA 16802

Karmariah ti j. Abu Baker
Faculty of Educational litudies

University of Agriculture
Semenanjung, Malaysia

ABSTRACT

The Science Teacher Inventory of Need (STIN) was,developed "-
specifically to assess the perceived needs of sciencs.AiaChers in
developing nations. During thatprocess, a factor, Analysis was
completed post hoc with data fiom a heterogeneous"'Population of
Jordanian science teachers to gather evidence-4.4 construct
validity. The present study was conductidr-to further clarify the
factorial composition and construct 41.-i-tritl/ of the STIN. Data
collected from-1162 (f8% returns from' a 201 randomised; cluster
sample of) Malaysian secondary Science teachers was factor
analyzed via the principle comclOnents Method with varimax
rotation. Six nontrivial factors accounting for 91.9% of the
total variance. were identified. While 72 of tha 76 closed items
of the STIN were found to be interpretahle,,their rearrangement is
suggested. Confirmatory factor analysis is suggestedto test the
obtained factor structure. In the interim, the extant data on
STIN reliability and validity warrants its continued use to assess
science teacher perceived needs.
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